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This compilation contains critically evaluated kinetic data on elementary homoge
neous gas phase chemical reactions for use in modelling combustion processes. Data 
sheets are presented for some 196 reactions. Each data sheet sets out relevant ther
modynamic data, rate coefficient measurements, an assessment of the reliability of 
the data, references, and recommended rate parameters. Tables summarizing the 
preferred rate data are also given. The reactions considered are limited largely to 
those involved in the combustion of methane and ethane in air but a few reactions 
relevant to the chemistry of exhaust gases and to the combustion of aromatic com
pounds are also included. 
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1. Introduction 

This compilation of critically evaluated kinetic data is 
intended for use in computer modelling of combustion 
processes. It has been prepared as part of the project "Ki
netics and Mechanisms of Chemical Processes in Com
bustion" which is one of the projects within the third 
European Community Energy Research and Develop
ment Programme. The formal cut off point for the litera
ture searching was January, 1989 but the group continued 
to monitor the literature during the preparation of the 
manuscript and every attempt was made to incorporate 
more recent studies having a significant effect on the rec
ommendations. 

2. Guide to the Data Sheets 

2.1. Scope and Reaction Ordering 

The field of combustion is too large for a comprehen
sive treatment of all combustion reactions; some selectiv
ity has been necessary. The present collection is limited 
to reactions of importance in the combustion of methane 
and ethane in air but it also contains a few reactions rel
evant to the chemistry of exhaust gases mainly involving 
NOx chemistry, and to the cOlubustion of aromatic com
pounds. 

The reactions are grouped and ordered using a system 
widely adopted in publications of the Nationa1 Institute 
of Standards and Technology. The grouping is made on 
the basis of the attacking atom or radical in the order set 
out in the following list. 

o Atom Reactions 
O2 Reactions 
H Atom Reactions 
112 Reactions 
OH Radical Reactions 
H20 Reactions 
H02 Radical Reactions 
H20 2 Reactions 
N Atom Reactions 
NH Radical Reactions 
NH2 Radical Reactions 
C2 Radical Reactions 
CH Radical Reactions 
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3CH2 Radical Reactions 
lCH, Radical Reactions 
CH3 Radical Reactions 
ClL Reactions 
CHO Radical Reactions 
HeRO Reactions 
CH20H Radical Reactions 
CH30 Radical Reactions 
CH.sOOH Reactions 
CN Radical Reactions 
NCO Radical Reactions 
C2H Radical Reactions 
C2H3 Radical Reactions 
C2ll. Reactions 
C2Hs Radical Reactions 
C2ffi Reactions 
CHCO Radical Reactions 
CH2CHO Radical Reactions 
CH3CO Radical Reactions 
CH3CHO Reactions 
C2HsO Radical Reactions 
C2HsOOH Reactions 
G,Hs Radical Reactions 
CJi6 Reactions 
CJisO Radical Reactions 
CJiSCH2 Radical Reactions 
CJISCH3 Reactions 
p -CJf.t( CH3)2 Reactions 
C'~HSC2Hs Radica1 Reaction~ 

Thus the reaction 

CN + Cll. ~ HCN + CH3 

will be found under CN radical reactions. For reactions 
not classified by this rule e.g. radical-radical reactions, 
the rule that species higher on the list take precedence 
over those lower applies. Thus the reaction 

OH + CH3 + M ~ CILOH + M 

will be found under OH radical reactions. The same rule 
applies to reactions between species of a non-radical na
ture. For the purposes of the classification O2 and NO are 
treated as radicals only in their reactions with non-radical 
species. 
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For each reaction a data sheet is presented setting out 
relevant thermodynamic data, rate coefficient measure
ments, an asessment of the reliability of the data, refer
ences, and, as well, preferred values of the rate 
coefficients are suggested. In deciding on a format for the 
presentation we have been influenced by the data sheets 
prepared by the CODATA Task Group for Modelling 
Atmospheric Chemistryl. Our format follows theirs 
closely but we have made more extensive use of graphs 
because of the need to convey some idea of the quality of 
the data over a wide temperature range. 

The evaluations were carried out at a series of meet
ings, the last one being in January, 1989. The literature 
searching was terminated in December, 1988 but material 
avai1ahle to us in pre-print form at that time was also in
cluded. 

2.2. Conventions Concerning Rate Coefficients 

It is assumed that all reactions in the compilation are 
elementary reactions. 

The relationship between rate and rate coefficient for 
a reaction described by a stoichiometric equation such as 

A+A~B+C 

is given by 

Rate = - (!)d[A]!dt = d[B]!dt = d[C]ldt = k[Af . 

2.3. Guide to the Tables 

Each data sheet begins with a heading giving all the re
action paths considered feasible whether there is evi
dence for their occurrence or not. 

These are followed by the thermodynamic quantities 
MlO and t:.So at 298 K and an expression for the equi
librium constant, K, in units of atmospheres, for each of 
the reaction channels for which there are data available. 
All data refer to a standard state of 1 atmosphere. The 
source of the thermodynamic data is discussed later in 
this Preface. 

The kinetic data for the reactions are summarized un
der the two headings (i) Rate Coefficient Measurements 
(ii) Reviews and Evaluations. To keep the size of the 
compilation within reasonable bounds, in most cases only 
the rate coefficient measurements back to the most re
cent comprehensive review are recorded. Where there is 
no suitable review, or where there are only few measure
ments, all of the measured values are tabulated. Also to 
limit the size of the review, if in a particular study, mea
surements of the rate coefficient have been made over a 
range of temperatures, the results are tabulated as a tem
perature dependent expression (usually Arrhenius in 
form) rather than as the individually reported data 
points. For bimolecular reactions the temperature depen
dence of the rate coefficient is expressed either as k = A 
exp( - BIT) or ATn exp( - CIT) whichever is the more 
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appropriate, where A , n, Band C are constants. In some 
cases the form with C = 0, leading to k = ATn, gives the 
best representation. The expressions used for pressure 
dependent combination and dissociation reactions are 
discussed in detail later. 

The tables of data are supplemented by a series of 
Comments summarizing the experimental details. For 
measurements giving rate coefficient ratios the absolute 
value derived from them and given in the table may be 
different from that quoted in the original paper because 
the evaluator has chosen to use a value of the reference 
rate coefficient different from that used by the original 
author. Such differences are indicated and justified by 
appropriate entries in the Comments section. 

Under Preferred Values the rate coefficient values rec
ommended for use by modellers are presented as a tem
perature dependent expression over a stated temperature 
range. Wherever possible an attempt has been made to 
make recommendations for high temperatures even if 
this requires a considerable extrapolation from the low 
temperature data and consequent assignment of large er
ror limits. However, in many cases, particularly for reac
tions likely to have a large activation energy, or where 
alternative reaction channels may become important, it 
has not been considered safe to extrapolate much beyond 
the range of existing measurements. 

Wherever possible the preferred values are based al
most exclusively on experimental data but in a few cases 
estimates have been made based on analogous reactions. 
No attempt has been made to include calculated values of 
rate parameters but theoretical and empirical estimates 
have not been ignored. They have often provided valu
able background and guidance on whether experimental 
values are 'reasonable'. 

The preferred rate constant expression is followed by a 
statement of the error limits in log k at the extremes of 
the recommended temperature range. Some comments 
on the assignment of errors are given later in this Intro
duction. 

The section "Comments on Pre/erred Values" contains a 
brief account of how expressions for the preferred values 
were arrived at and comments on the quality of the avail
able data. 

The data sheets conclude with a list of the relevant ref
erences and in many cases graphs to illustrate the quality 
of the data. Where there are few data points for a partic
ular reaction all are recorded but for well studied reac
tions, where much data are available, for the sake of 
clarity, expressions, rather than the original points, are 
displayed in some cases. 

2.4. Treatment of Combination 
and Dissociation Reactions 

The rates of combination and the reverse dissociation 
reactions 

A + B + M !::; AB + M, 
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depend on the temperature, T, the nature, and the con
centration of the third body [M]. The rate coefficients of 
these reactions have to be expressed in a form which is 
more complicated than those for simple bimolecular re
actions. The combination reactions are described by a 
pseudo-second-order rate law. 

d[AB] = k[A][B] 
dT 

in which the second-order rate constant depends on [M]. 
The low pressure third-order limit is characterized by ko, 

!corM] = lim k ([M]) 
[M] -4> 0 

The high-pressure second-order limit is characterized by 
k~, 

k ... = lim k([MJ) 
[M] -4> ex) 

which is independent of [M]. For a combination reaction 
in the low-pressure range, the summary table gives a sec
ond-order rate constant expressed as the product of a 
third-order rate constant and the third body concentra
tion. The transition between the third-order and the sec
ond-order range is represented by a reduced fall off 
expression of k/k~ as a function of 

ko[M]!k ~ = [M]![M]e, 

where the "centre of the falloff curve" [M} indicates the 
third body concentration for which the extrapolated ko 
would be equal to k"",. The dependence of k on [M] in 
general is complicated and has to be analyzed by 
unimolecular rate theory. For moderately complex 
molecules at not too high temperatures, however, a sim
ple approximate relationship holds: 

_ ([M]![M]e) 
- k"", 1 + [M]I[MJc F 

where the first factors at the rhs represent the Linde
mann-Hinshelwood expression, and the additional broad
ening factor F, at not too high temperature, is 
approximately given by 

log F == __ ~.IOZ-::...-=--__ 

1 + POg([~],1MJc) r 
where n 0.75 - 1.27 log Fe. In this way the three quan
tities, ko, k~, and Fe with 

[Ml =~: ' 
J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

characterize the falloff curve for the present application. 
Alternatively, the three quantities k,z, [M]c, and Fe (or 

ko, [M]c, and Fe) can be used. The temperature depen
dence of Fe, which is sometimes significant, can be esti
mated by the procedure of Troe2-4. The results can 
usually be represented4 approximately by an equation 

Fe = (I-a) exp( - T/T***) + a exp( - T/T*) 
+ exp( - T* * IT). 

The two first terms are of importance for atmospheric 
conditions, but the last term in most cases becomes rele
vant only at high temperatures. 

Theoretical predictions2
-4 of Fe have been derived from 

rigid RRKM-type models including weak collision ef
fects. Systematic calculations of this type have been pre
sented by Patrick and GoldenS for reactions of 
atmospheric interest. It is debatable whether these calcu
lations can be applied to radical recombination reactions 
without barriers, where rotational effects are important. 
Changes in Fe would require changes in the limiting ko 
and k ~ values. For the purpose of this evaluation, this will 
be irrelevant in most cases, if the preferred ko and k"" are 
used consistently together with the preferred Fe values. 

If detailed calculations are made it is sometimes found 
that alternative expressions for Fe may be more appropri
ate. 

The dependence of ko and koc on the temperature is 
represented in the T exponent n, 

k ex: T- n 

(except for the cases with an established energy barrier in 
the potential). We have used this form of temperature 
dependence because it often gives a better fit to the data 
over a wider range of temperature than does the Arrhe
nius expression. The dependence of ko on the nature of 
the third body M generally is represented by the relative 
efficiencies of M I and M2. 

2.5. Assignment of Errors 

The reliability of a preferred expression for k is ex
pressed in terms of an estimated dlog k at the extremes 
of the temperature range covered by the recommended 
expression. Thus a quoted dlog k = X is equivalent to the 
statement that k is uncertain by a factor F where X = log 
F. 

No attempt has been made to assign explicit error lim
its to the temperature coefficient of k. The assignment of 
error limits in dlog k at the extremes of the temperature 
range indicates how the quality of the data varies with 
temperature without attempting to define the form which 
this variation takes. In the opinion of the evaluators the 
available data rarely merits a more elaborate assignment 
of errors over a wide temperature range. 
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The assignment of error limits in k is a subjective as
sessment by the evaluators. Modem techniques are capa
ble in favourable circumstances of measuring rate 
coefficients with a precision represented by a standard 
deviation as small as 10%. However, data obtained in dif
ferent laboratories on the same reaction and often by the 
same· technique are rarely concordant to the extent that 
might be expected from the precision of the measure
ments; mean values may differ by many standard devia
tions. This is indicative of systematic errors which are 
difficult to detect and which cannot be simply incorpo
rated into quoted error limits. 

2.6. Thermodynamic Data 

There are substantial uncertainties associated with the 
thermodynamic data of a number of species appearing in 
the compilation. For the sake of internal consistt:ncy tht: 
thermodynamic data have been taken from a single 
compilation, that prepared for the Sandia Chemkin 
Program.6 That c.ompilation is snffidently c.omprehensive 
to cover most of the species appearing in the kinetics 
tables. In a few cases the present evaluation of the kinetic 
data have led to an assignment of enthalpies of formation 
at variance with those in the thermodynamic data 
base.This has been commented on in the text but has not 
been incorporated into the thermodynamic data quoted. 
The Sandia compilation does not include data for aro
matic compounds. The data for these have been derived 
from a variety of sources. 

In the present tables the standard enthalpy change at 
298 K and the equilibrium constant as a function of 
temperature are given for each reaction channel. the 
equilibrium constant is expressed in the form 
K=ATnexp(B/T), where A, Band n are constants. The 
quality of the thermodynamic data rarely justify the use of 
expressions for K (T) involving more than three constants 
even though the Sandia data compilation expresses the 
thermodynamic quantities in terms of polynomials involv
ing seven coefficients. To obtain the expression for K (T) 
values of K were calculated from the Sandia data base at 
several temperatures over the range 300-6000 K and fit
ted to the three constant expressions by a least squares 
procedure. 

Bt:cau:st: uf the grt:at :st:nsitivily uf K tu tht: lht:rmuc.ly
namic quantities, particularly dHo, any rate coefficient 
calculated from the equilibrium constant and the rate co
efficient for the reaction in one direction may be subject 
to substantial uncertainty. 

Wherever kinetic data are available for the rate coeffi
cient for the reaction in both forward and reverse direc
tions, an attempt has been made to reconcile it with the 
thermodynamic data quoted. For a number of important 
species there are no thermodynamic data available point
ing to the need for experimental measurements aimed at 
providing such data, particularly for key radicals. 
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3. Index of Reactions and Summary Table 
3.1. Guide to the Summary Tables 

There are three tables. In Table 1 all of the reactions 
whose rate data were evaluated in the present pro
gramme are listed. For each reaction the preferred value 
of the rate coefficient, the temperature range over which 
it applies, and the associated error limits are given. 

For many reactions more than one set of products is 
possible. All of the channels considered feasible are given 
and wherever possible rate parameters are recommended 
for each channel, or branching ratios are given. For such 
multichannel reactions, however, where the dominant 
channel has been identified that channel only is specified 
although others are conceivable. 

All of the reactions evaluated are listed in Table 1 but 
only the rate data for bimolecular processes are given. 
The data for decomposition and recombination reactions 
art: lislt:d separately in Tables 2 and 3. 

Tables 2 and 3 contain the preferred rate parameters 
for decomposition and combination reactions respec
tively. The rate data are expressed in terms of the symbol
ism developed by Troe and described in Sec. 2.4. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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3.2. Summary of Preferred Rate Data 

TABLE 1. Bimolecular reactions 

Reaction klcm3 molecule-1s-1 Temp/K Error limits (4 log k) Page 

o Atom Reactions 430 

0+ H2 -+ OH + H 8.5 X 1O-2OT267 exp( -3160IT) 300-2500 ± 0.5 at 300 K falling to 430 
± 0.2 for T > 500 K 

0+ OH -+ O2 + H 2.0 X 10-11 exp(l12/T) 220-500 ± 0.2 432 
2.4 x 10-11 exp( -3531T) 1000-2000 ± 0.1 

o + H02 -+ OH + O2 5.3 X 10-11 300-1000 ± 0.3 at 300 K rising to 434 
± 0.5 at 1000 K. 

o + H20 2 -+ OH + H~ 1.1 X 10-12 exp( -2000IT) 300-500 ± 0.3 437 

o + NH3 -+ OH + NHz 1.6 X 10-11 exp( -36701T) 500-2500 ± 0.5 439 

O+CH-+CO+H 6.6 x 10-11 300-2000 ± 0.5 441 
-+ CHO+ + e 4.2 x 10-13 exp( - 850fT) 300-2500 ± 0.5 

0+ 3CH2 -+CO + 2H] 2 x 10-10 300-2500 ± 0.2 at 300 K rising to 443 
-+ CO + H2 kuk :;; 0.6 ± 0.3 over whole range ± 0.7 at 2500 K. 

o ;- CH3 -+ HCHO ;- H 1.4 X lO-10 300-~OO ± 0.2 444 

O+~-+OH+CH3 1.5 X 10-15 Tl.S6 exp( -4270IT) 300-2500 ± 0.3 at 300 K falling to 445 
± 0.15 at 2500 K. 

o + CHO -+ OH + CO 5.0 X 10-11 300-2500 ± 0.3 448 
-+ CO2 + H 5.0 X 10-11 300-2500 ± 0.3 

o + HCHO -+ OH + CHO 6.9 X 10-13 TO.S7 exp( -1390IT) 250--2200 ± 0.1 at 250 K rising to 449 
± 0.3 at 2200 K. 

o + CH30 -+ O2 + CH3 ] 2.5 X 10-11 300-1000 ± 0.3 at 300 K rising to 451 
-+ OH + HCHO kllk = (0.12 ± 0.1) at 300 K ± 0.7 at 1000 K. 

o + CN -+ CO + NeS) ] 1.7 x 10-11 300-5000 ± 0.2 at 300 K rising to 452 
-+ CO + NfD) ± 0.6 x 5000 K. 

o + NCO -+ NO + CO ] 7.0 X 10- 11 1450--2600 ± 0.8 454 
-+ Oz + CN 

O+HCN-NCO+H] 
-+ CO + NH 2.3 X 10-18 T2.1 exp( - 30751T) 450--2500 ± 0.2 at 450 K rising to 455 
-+ OH + CN ± 0.3 at 2SOO K. 

o + CH300H -+ OH + CH2COOH ] 6.9 x 10-13 T°.57 exp( -1390IT) 250--2200 ± 0.1 at 250 K rising to 458 
-+ OH + CH3O:z [estimate] ± 0.3 at 2200 K. 

o + CzH -+ CO + CH 1.7 X 10-11 300-2500 ± 1.0 458 

o + CZH2 -+ CO T 3CH2 ] 3.6 X 10-20 TZ8 exp( -250fT) 300-2500 ± 0.2 459 
-+CHCO + H kl/k = 0.5 ± 0.3 over whole range. 

o + c,H, - OH + C,H, ] 
-+ CO + CH] 5 X 10-11 300-2000 ± 0.5 463 
-+ HCO + CH2 

o + c,H. .... CH,cHO + H ] 5.75 X 10- 18 T2.08 300-2000 ± 0.1 for T < 1000 K 464 
-+ HCO + CH3 kllk = 0.35 ± 0.05 at p> 3 Torr over whole rising to ± 0.3 at 2000 K. 
-+ HCHO + CH2 kllk = 0.6 ± 0.10 temperature 
-+ CH2CO + Hz range 

o + C1Hs -+ CH3CHO + H ] 1.1 X 10- 10 300-2500 ± 0.3 from 300 to 1000 K 467 
-+ HCHO + CH3 kllk = 0.17 ± 0.2 at 300 K ± 0.5 from 1000 to 2500 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Reaction 

o + C21ft; - OH + C2Hs 

o + CHCO - 2CO + H 

o + CH2CO - CH20 + CO ] 
- HCO + H + CO 
-HCO + HCO 

o + CH3CHO - OH + CH3CO ] 
- OH + CH2CHO 

o + C2HsOOH - OH + C2ILOOH] 
- OH + C2HsOO 

o + C;1ft; - OH + C;Hs ] 
- Ct;HsOH 

o + CA;HsCH2 - HCO + CHI' ] 
- Ct;HsCH + H 

- CH20 + Ct;Hs 

o + CiHsCH3 - products 

O2 Reactions 

O2 + HCHO - H02 + HCO 

H Atom Reactions 

H + O2 - OH + 0 

H + O2 + ,AI - H02 + AI 

H + O2 + N2 - H02 + N2 

H + H + AI - H2 + AI 

H + H + H2 - H2 + H2 

H + OH + AI - H20 + AI 

H + HO + N2 - H20 + N2 

TABLE 1. Bimolecular reactions - Continued 

k/cm3 molecule-ls- l Temp/K 

1.66 x 1O-1S Tl S exp ( - 2920/T) 300-1200 

1.6 x 10-10 300-2500 

3.8 x 10- 12 exp( -680/T) 23{}-500 

9.7 x 10-12 exp( -91O/T) 30{}-1500 

6.9 x 10- 13 TOS7 exp( -1390/T) 25{}-2200 
[estimate] 

1.2 x lO-u P 7 exp (-570fT) 300-1000 

5.5 x to- 1O 300 

No recommendation 

5.3 x 10- IS TI2l exp( -1260/T) 300-2800 

2.6 x 10- 11 exp( -1409!T) 300-600 

1.0 x 10-13 298 

6.6 X 10-11 exp( -28630/T) 500-2000 

1.0 X 10- 10 exp( -26100/T) 500-2000 

1.0 x 10- 10 exp( -20460/T) 700-1000 

5.0 x 10-11 exp( -19700/T) ~1100 

3.3 x 10 -10 exp( - 8460/T) 300-2500 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

See Table 3 

Error limits (4 log k) Page 

± 0.3 at 300 K falling to 468 
± 0.15 at 1200 K. 

± 0.3 470 

± 0.3 471 

± 0.05 at 300 K rising to 473 
± 0.5 at 1500 K. 

± 0.1 at 150 K rising to 475 
± 0.3 at 2200 K. 

± 0.5 475 

± 0.1 at 300 K rising to 478 
± 0.4 at 2800 K 

± 0.3 481 

± 0.3 483 

483 

± 0.5 at 500 K rising to 483 
± 1.0 at 2000 K. 

± 0.5 at 500 K rising to 484 
± 1.0 at 2000 K 

± 0.5 484 

± 0.5 at 600 K rising to 485 
± 1.0 at 1100 K. 

486 

± 0.1 at 300 K rising to 486 
± 0.2 at 2500 K. 

488 

488 

488 

488 

492 

495 

497 

496 

498 
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TABLE 1. Bimolecular reactions - Continued 

Reaction k/cm3 molecule-1s- 1 Temp/K Error limits (~ log k) Page 

H + HOz - Hz + Oz 7.1 X to- 11 exp( -710fT) 300-1000 ± 0.3 499 
-20H 2.8 x 10-10 exp( -440fT) 300-1000 ± 0.3 
-HzO + 0 5.0 X to- 11 exp( - 866fT) 300-1000 ± 0.3 

H + HzO - OH + Hz 7.5 X 10-16 T16 exp( -9270/T) 300-2500 ±0.2 504 

H + HzOz - H2 + H02 2.8 X 10-1z exp( -1890IT) 300-1000 ± 0.3 506 
-OH + H2O 1.7 X to- 11 exp( -1800IT) 300-1000 ± 0.3 

H + NH-Hz + N 1.7 X 10- 11 1500-2500 ± 1.0 509 

H + NHz - Hz + NH 1.0 X to- 11 2000-3000 ± 1.0 509 

H + 3CHz - Hz + CH 1.0 x to- 11 exp(900/T) 300-3000 ± 0.7 510 

H + CH3 - Hz + lCHz 1.0 x to- 10 exp( -7600IT) 300-2500 ± 1.0 511 
-ClL See Table 3 

H + C~ - Hz + CH3 2.2 x 10-zo p.o exp( -4045IT) 300-2500 ± 0.2 516 

H + CHO - H2 + CO 1.5 X to- IO 300-2500 ± 0.3 519 

H + HeRO-Hz + HCO 3.~ x 10-14 P 0:5 exp( -165U/T) 300-2200 ± 0.1 at 300 K rising to 521 
± 0.5 at 2200 K 

H + CH30 -Hz + HCHO 3.0 x to- 11 300-1000 ± 0.5 523 

H + HNCO - NH2 + CO No recommendation S23 
-Hz + NCO 3.4 X to- IO T-OZ7 exp( -10190IT) 500-1000 ± 1.0 

H + NCO - NH + CO ] 8.7 X to-11 1400-1500 ± 0.5 524 
-HCN + 0 

H + CzHz- Hz + CzH 1.0 x to- IO exp( -14000IT) 1000-3000 ± 1.0 525 
-CZH3 See Table 3 

H + CZH3 - Hz + CzHz 2.0 x to- 11 300-2500 ± 0.5 528 
-CzH. See Table 3 

H + CzH. - CZH3 + Hz 9.0 X to- IO exp( -7500IT) 700-2000 ± 0.5 529 
-CzHs See Table 3 

H + ClHs - 2CH3 6.0 X 10-11 300-2000 ± 0.3 531 
-C2l-Ici See Table 3 

H + C2~ - Hz + CzHs 2.4 x to-15 Tl.5 exp( -3730IT) 300-2000 ± 0.15 at 300 K rising to 533 
± 0.3 at 2000 K 

H + CHCO - CHz + CO ] -H2 + C20 2.5 X to- IO 300-2500 ± 0.4 536 
-HCCOH 

H + CHzCO - CH3 + CO 3.0 X to- 11 exp( -1700IT) 200-2000 ± 0.5 at 200 K rising to 537 
- CHzCHO kik very small ± 1.0 at 2000 K. 

H + CH3CHO - Hz + CH3CO ] 6.8 X to- 15 T116 exp( -1210/T) 300-2000 ± 0.1 at 300 rising to 539 
-Hz + CHzCHO ± 0.4 at 2000 K. 

H + ~Hs + M - CJI,; + M See Table 3 541 

H + CJI,; - Hz + C;Hs No recommendation 541 
-C;H7 See Table 3 

H + C;HsO + M - CJisOH + M See Table 3 544 
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TABLE 1. Bimolecular reactions - Continued 

Reaction k/cm3 molecule -IS-1 Temp/K. Error limits (A log k) Page 

H + 0.HsOH --'.I> 0.HsO + Hz 1.9 X 10-10 exp( -6240/T) 1000-1150 ± 0.3 544 
--'.I> C6H6 + OH 3.7 x 10-11 exp( -3990/T) 1000-1150 ± 0.3 

H + 0.HsCH2 + M --'.I> 0.HsCH3 + M See Table 3 545 

H + 4HsCH3 --'.I> Hz + 4HsCHz 6.6 x lO- zz T344 exp( -1570fT) 600-2800 ± 0.3 at 600 K rising to 546 
--'.I> Hz + 0.H4CH3 No recommendation ± 0.5 at 2800 K. 
--'.I> 0.H6 + CH3 No recommendation 
--'.I> 4H6CH3 See Table 3 

H + p-4~(CH3)z --'.I> products 5.8 x 10-13 298 ± 0.1 549 

H + 0.HsCzHs --'.I> Hz + C~sC2H4 2.4 X 10- 1Z 773 ± 0.1 549 
> Ct.Ht,C:lH:> See Table 3 

Hz Reactions 550 

Hz + Ar --'.I> 2H + Ar See Table 2 550 

Hz + Hz --'.I> 2H + Hz See Table 2 550 

OH Radical Reactions 552 

OH + Hz --'.I> H20 + H 1.7 X 10-16 T16 exp( -1660/T) 300-2500 ± 0.1 at 300 K rising to 552 
± 0.3 at 2500 K 

OH + OH --'.I> H20 + 0 2.5 X 10-15 Tl14 exp( -50IT) 250-2500 ± 0.2 555 

OH + OH + M --'.I> H20 2 + M See Table 3 556 

OH + H02 --'.I> H20 + O2 4.8 X 10-11 exp(250IT) 300-2000 ± 0.2 at 300 K rising to 558 
± 0.5 at 2000 K. 

OH + HzOz --'.I> HzO + HOz 1.3 x 10 -11 exp( - 670fT) 300-1000 ± 0.2 562 

OH + NH --'.I> NO + Hz ] 8.0 X 10-11 300-1000 ± 0.5 565 
--'.I> H20 + N 

OH + NH2 --'.I> 0 + NH3 3.3 X 10-14 T0405 exp( -250fT) 500-2500 ± 0.5 565 
--'.I>HzO + NH No recommendation 

OH + CO --'.I> H + COz l.Oj X 10-17 
1'13 exp(2jO/1') 3UU-2000 ± 0.2 at 300 K rising to 566 

± 0.5 at 2000 K. 

OH + CH3 --'.I> H + CH20H ] 
--'.I> H + CH30 6.0 X 10- 11 3UU-2UOO ± U.7 570 
--'.I> HzO + lCHz 
--'.I> CH30H See Table 3 

OH + CH4 --'.I> HzO + CH3 2.6 x 10 17 T163 exp( -1400IT) 250-2500 ± 0.07 at 25U K rising to 571 
± 0.15 at 1200 K. 

OH + CHO --'.I> H20 + CO 1.7 X 10-10 300-2500 ± 0.3 574 

OH + HCHO --'.I> H20 + CHO 5.7 x 10-15 T 11S exp(225fT) 300-3000 ± 0.1 at 300 K rising to 575 
± 0.7 at 3000 K. 

OH + CN --'.I> 0 + HCN ] 
~NCO + H 1.0 X 10- 10 1500-3000 ± 0.5 578 

OH + HCN ~ H20 + CN 1.5 x 10 -11 exp( - 5400IT) 1500-2500 ± 0.5 579 
~ HOCN + H] No recommendation 
--'.I>HNCO + H 
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TABLE 1. Bimolecular reactions - Continued 

Reaction klcm3 molecule-1s-1 Temp/K Error limits (4 log k) Page 

OH + CHlOOH -+ H10 + CHlOO 1.2 X 10-12 exp(130IT) 300-1000 ± 0.2 at 300 K rising to 582 
± 0.4 at 1000 J( 

-+ H20 + CH200H 1.8 x 10-12 exp{220IT) 300-1000 ± 0.1 at 300 K rising to 
±0.3 at 1000 K. 

OH + C2H2 -+ H20 + C2H ] 1.0 X 10-10 exp( -6500/T) 1000-2000 ± 1.0 583 
-+ H + CH2CO 
-+ C2H2OH See Table 3 

OH + C2~ -+ H20 + CZH3 3.4 X 10-11 exp( -2990IT) 650-1500 ± 0.5 586 

OH + Cz~ -+ H20 + CzHs 1.2 x 10 -17 T20 exp( - 4351T) 250-2000 ± 0.07 at 250 K rising to 589 
± 0.15 at 2000 K. 

OH + CH1CO -+ CH10H + CO ] 1.7 X 10-11 300-2000 ± 1.0 592 
-+ HleO + HCO 

OH T CHlCHO -+ HzO + CHlCO ] 3.9 x 10 14 TO.73 exp(:'560/T) 2:'50-1200 ::!: 0.1 at 2:'50 K rising to '93 
-+ H20 + CH2CHO ± 0.3 at 1200 K. 

OH + CzHsOOH -+ H20 + C2HsOO ] 3.0 x 10-12 exp(190IT) 250-1000 ± 0.3 at 250 K rising to 595 
-+ H20 + Cz~OOH [estimate] ± 0.7 at 1000 K 

OH + C;H; -+ H20 + CJls 2.7 X 10-16 Tl.42 exp( -730IT) 400-1500 ± 0.3 595 
...,.H T Q,HsOH 2.2 x 10- 11 t:xp( - 5330/T) 1000-1150 ::!: 0.3 

. -+ C;~OH See Table 3 

OH + C;HsOH -+ C~s(OH)z See Table 3 598 
....,.. 1120 + Q,lIsO ] 
-+ HzO + C;H.OH 1.0 x 10-11 1000-1150 ± 0.5 

OH + C;HsCH3 -+ H20 + ~HzCH2 8.6 X 1O- 1s exp( -1440/T) 400-1200 ± 0.5 at 400 K reducing to 598 
-+ CHsCH30H See Table 3 ± 0.3 at 1200 K. 

OH + P-~(CH3)1 -+ ~CH2CH3 + H2O 6.4 X 10- 11 exp( -1440IT) 500-960 ±0.1 601 
-+ p-C~(CH3)zOH See Table 3 

OH + CHSC2HS -+ HOC;HsCzHs See Table 3 
-+ H20 + Ctl!sCiH4 ] 8.7 x 10-12 773 ± 0.1 603 
-+ H20 + ~C2Hs 

H20 Reactions 603 

H20 + M -+ H + OH + M See Table 2 603 

HOl Radical Reactions 604 

H02 + H02 -+ H20 2 + O2 3.1 x 10 -12 exp( - 775/T) 550-1250 ± 0.15 at 550 K rising to 604 
± 0.3 at 1250 K. 

H02 + NH2 -+ NH3 + O2 ] 

-+ HNO + H2O 2.6 X 10-11 3()()..4oo ± 0.4 607 

H02 + CH3 -+ OH + CH30 3 X 10-11 300-2500 ± 0.7 608 
-+02 + CH4 No recommendation 

H02 + C~ -+ H20 2 + CH3 1.5 X 10-11 exp( -12400IT) 600-1000 ± 0.2 at 600 K rising to 608 
± 0.3 at 1000 K. 

H02 + HCHO -+ H20 2 + CHO 5.0 x 10-12 exp( -6580/T) 600-1000 ± 0.5 609 
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TABLE 1. Bimolecular reactions - Continued 

Reaction k/cm3 molecule- 1s- 1 Temp/K Error limits (A log k) Page 

H02 + CZH4 ~ OH + C2~O 3.7 X 10-1Z exp( -8650IT) 600-900 ± 0.15 at 600 K rising to 612 
± 0.25 at 900 K. 

H02 + CZH6 ~ HzOz + CzHs 2.2 x 10-11 exp( -10300/T) 500-1000 ± 0.2 at 500 K rising to 614 
± 0.3 at 1000 K. 

HOz + CH3CHO ~ HzO] + CH3CO 5.0 X 10- 12 exp( -6OOO/T) 900-1200 ± 0.7 614 

H20 2 Reactions 615 

H20 Z + M ~ 20H + M See Table 2 615 

N Atom Reactiofl.s 616 

N + CN ~ N2 + C 3 X 10-10 300-2500 ± 1.0 616 

N + NCO NO + eN No recommendation 617 
Nz + CO 3.3 X 10- 11 1700 ± 0.5 

NH Radical Reactions 617 

NH + 0, ~ NO + OH ] 1.26 x 10 -13 exp( -770IT) 270-550 ± 0.2 at 270 K rising to 617 
~ NOz + H ± 0.5 at 550 K. 
~HNO + 0 

NH + NO ~ N,O + H ] 
~ HNz + 0 5.0 X 10- 11 270-380 ± 0.2 618 
~ N2 + OH 

NH2 Radical Reactions 621 

NH2 + O2 ~ products <3 x to- 18 298 621 

NHz + NO ~ Nz + H2O 

] ~N2 + H + OH 1.8 x to- 12 exp(650IT) 220-2000 ± 0.5 622 
~N2H + OH (kz + k3)lk = 0.12 at 298 K. 
~ NzO + Hz 

1C2 and .:tCz Radical Reactions See data sheets. 625 

CH Radical Reactions 627 

CH + U2 ~ CHU + U ] 5.5 X 10- 11 300-2000 ± 0.3 at 300 K rising to 627 
~ CO + OH ± 0.5 at 2000 K. 

CH + Hl ~ eH;! + H ] 2.4 'X 10- 10 exp( -1760/T) 300-1000 :!: 0.3 630 
~CH3 

CH + H20 ~ products 9.5 x to- 12 exp(380/T) 300-1000 ± 1.0 632 

CH + CO ~ products 4.6 x 10- 13 exp(860/T) 300-1000 ± 1.0 632 

CH + COz ~ products 5.7 x 10 -12 exp( - 3451T) 300-1000 ± 1.0 633 

CH + CIL ~ products 5.0 x 10- 11 exp(200/T) 200-700 ± 1.0 634 

CH + C2H2 ~ products 3.5 x 10-10 exp{611T) 200-700 ± 1.0 634 

CH + CZH4 ~ products 2.2 x 10- 10 exp(173IT) 200-700 ± 1.0 635 

CH + Czlit; ~ products 1.8 x 10-10 exp{132IT) 200-700 ± 1.0 636 
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TABLE 1. Bimolecular reactions Continued 

Reaction 

CH + C3Hs - products 

CH + i -C4HIO - products 

CH + neo-CSH12 - products 

CH + CH3CzH - products 

CH + CHzO - products 

3CH2 Radical Reactions 

3CH2 + 02 - CO + H + OH ] 
-C02+H+H 
-CO + H20 
- COz + Hz 
-HCHO + 0 

3CHz + 3CHz - CzHz + Hz ] 
- CzHz + 2H 

3CHz + CzHz - C3~ 

3CH2 + C2H4 - C3~ ] 
- c-C3l4 
- CHzCHCH2 + H 

1 CH2 Radical Reactions 

lCH;: + 0;: -+ CO + H + OH J 
- CO2 + H2 
-CO + H20 
- 3CH2 + 02 

ICH2 + CzHz - CHzCCHz ] 
- CH3CCH 
-CHzCCH + H 
- 3CH2 + CzHz 

1CHz + CZH4 - C3H6 
- 3CH2 + C2Rt 

CH3 Radical Reactions 

CH3 + M - CHz + H + M 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

1.9 X 10-10 exp(240/T) 

4.4 x 10-10 exp(28/T) 

2.0 x 10-10 exp(240/T) 

1.6 x 10-10 exp(340/T) 

No recommendation 

1.6 X 10-10 exp(260/T) 

4.1 X 10-11 exp(-750/T) 

Temp/K 

300-700 

250-700 

300-700 

300-700 

300-700 

300-1000 

2.0 X 10-10 exp( -4oo/T) 300-3000 
kz/k = 0.9 ± 0.1 over range 300-3000 K. 

7.0 X 10- 11 300-3000 

See Table 3 

See Table 3 

6.0 X 10-1z 300-2000 

1.0 x 10-11 300-2000 

1.2 x 10-11 300-2000 

8.0 x 10-11 300-2000 

23 x 10-11 300-2000 

3.6 x 10- 11 300-2000 

5.2 x 10- 11 300-1000 

1.2 X 10- 10 300-1000 

See Table 3 

See earlier entry 

See Table 3 
See earlier entry 

See Table 2 

Error limits (A log k) 

± 1.0 

± 1.0 

± 1.0 

± 1.0 

± 1.0 

± 0.3 at 300 K rising to 
± 0.5 at 1000 K. 

± 0.5 

± 0.3 at 300 K rising to 
± 0.5 at 3000 K. 

± 0.3 

± 0.3 

± 0.4 

± 0.4 

± 0.4 

± 0.4 

± 0.3 at 300 K rising to 
± 0.5 at 1000 K 

± 0.1 at 300 K rising to 
± 0.3 at 1000 K 

Page 

636 

637 

637 

638 

638 

639 

639 

639 

640 

641 

642 

643 

644 

644 

644 

644 

644 

644 

644 

64S 

646 

646 

647 

648 

648 
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TABLE 1. Bimolecular reactions - Continued 

Reaction klcm3 molecule- 1s- 1 TempIK Error limits (& log k) Page 

CH3 + 02 -+ CH30 + 0 2.2 X 10-10 exp( -15800IT) 300-2500 :t 0.5 649 
-+HCHO + OH 5.5 x lO-13 exp( -4500IT) 1000-2500 :t 0.5 
-+ CH30 Z See Table 3 

CH3 + Hz -+ CH. + H 1.14 X 10-20 T2.74 exp( -4740/T) 300-2500 :t 0.15 in the range 653 
300-700 K. 

:t 0.3 in the range 
700-2500 K. 

CH3 + CH3 -+ C2HS + H 5 X lO-l1 exp( -6800/T) 1300-2500 :t 0.6 655 
-+C2~ + H2 No recommendation (see data sheets) 
-+C2~ See Table 3 

CH3 + HCHO ..... Ca. + HCO 6.8 X 10-12 exp( -44S0/T) 3001000 ± 0.3 659 

CH3 + CZH2 + M -+ C3HS + M See TabJe 3 661 
-+C~ + C2H No recommendation 

CH3 + C2~ -+ C~ + C2H3 6.9 X lO-12 exp( -5600/T) 400-3000 :t O.S 663 
-+ n-C3H7 See Table 3 

CH;J + ellis -+ elL + C,H .. 1_9 x 10- 12 300-800 ± 0_4 665 
-+ C3lis See Table 3 

CH3 + C2Ht. -+ C~ + CzHs 2.5 x 10-31 T60 exp( -3043/T) 300-1500 :t 0.1 at 300 K rising to 668 
:t 0.2 at 1500 K. 

CH3 + CH3CHO -+ C~ + CH3CO 3.3 X 10-30 TS•64 exp( -1240IT) 300-1250 :t 0.3 671 
-+ C~ + CH2CHO No recommendation (see data sheets) 

CH4 Reactions 673 

C~ + M -+ CH3 + H + M See Table 2 673 

CHO Radical Reactions 677 

ClIO + 0, - CO + HO, ] 677 
-+ OH + CO2 S.O X 10-12 300-2500 :t 0.3 
-+ HC03 

CHO + CHO -- HCHO + CO 5.0 X 10-11 300 :t 0.3 680 

HCHO Reactions 681 

HCHO + M -+ H + CHO + M ] See Table 2 681 
-+H2+CO+M 

CHzOH Reactions 684 

CH20H + O2 -+ CHzO + HOz 2.6 X 10-9 T- 1 0 + 300-1200 ± 0.1 at 300 K rising to 684 
1.2 x lO-10 exp( -1800/T) :t 0.3 at 1200 K. 

CH30 Radical Reactions 687 

CH30 + M -+ HCHO + H + M See Table 2 687 

CH)O + O2 -+ HCHO + H02 6.7 X 10-14 exp( -1070/T) 300-1000 ± 0.2 at 500 K rising to 688 
:t 0.3 at 300 K and 1000 K. 

CH300H Reactions 690 

CH300H + M -+ CH30 + OH + M See Table 2 690 
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TABLE 1. Bimolecular reactions Continued 

Reaction k/cm3 molecule-1s- 1 Temp/K Error limits (A log k) Page 

CN Radical Reactions 691 

CN + Oz - NCO + 0 1.1 X lO-11 exp(205/T) 300-2500 ± 0.25 at 300 .K rising to 691 
± 0.5 at 2500 .K. 

CN + HzO - HCN + OH ] 1.3 x 10-11 exp( -3750IT) 500-3000 ± 0.3 at 500 .K rising to 694 
-HOCN + H ± 0.5 at 3000 .K. 

eN + C~-HCN + CH3 1.5 x lO- 11 exp( - 940/T) 260-400 ± 0.3 695 

NCO Radical Reactions 697 

NCO + M - N + CO + M See Table 2 697 

NOO + NO -+ N,O + 00 ] 
- Nz + CO2 1.7 X lO-11 exp(200/T) 300-600 ± 0.5 698 
- Nz + CO + 0 

C2H Radical Reactions 699 

GH + 0;2 - COl + CH 

] -2CO + H 3.0 X lO-11 300 ± 0.5 699 
-CzHO + 0 
-CO + HCO 

CzH + Hz - CzHz + H 2.5 X lO-l1 exp( -1560/T) 300-2500 ± 0.3 at 300 .K rising to 700 
± 0.7 at 2500.K 

CzH + CZH2 - CJiz + H 5.0 X 10-11 300-2700 ± 0.3 702 

CzH + C:H4 - products 2.0 x 10-12 298 ± 1 702 

CzH + CzH'6 - products No recommendation 

C2H3 Radical Reactions 704 

CzH3 + M - CzHz + H + M See Table 2 704 

CZH3 + Oz - HCHO + CHO 9.0 x 10- 12 300-2000 ± 0.3 at 300 .K rising to 70s 
± 0.5 at 2000 .K 

C2HS Radical Reactions 706 

CzHs + Oz - Cz:H4 + HOz 1.7 X lO-14 exp(l100/T) 600-1200 ± 0.3 706 

CzHs + CzHs -.. CZH6 + CzH$ 2.4 x 10-12 300-1200 ::t; 0.4 707 

- n-CJilo See Table 3 

C2H" Reactions 710 

Cz~ + M - CH3 + CH3 + M See Table 2 710 

CHCO Reactions 713 

CHCO + Oz - COz + HCO ] -2CO + OH 2.7 x lO-IZ exp(430/T) 300-550 ± 0.7 713 
- CzO + HOz M = He, 2 Torr 
- CHOzCO 

CHzCHO Radical Reactions 714 

CHzCHO + Oz - HOz + CHzCHO ] kIlO = 2.6 X lO-13 250-1000 ± 0.2 714 
-HCHO + CO + OH kz = 3.0 X 10-14 300 ± 0.3 
- OzCHzCHO 
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Reaction 

CH3CO Radical Reactions 

C2HsO + M --+ HCHO + CH3 + M ] 
--+ CH3CHO + H + M 

C~HsOOH Reactions 

CrJfs Radical Reaclions 

C;Hs + M --+ C2H2 + C.JI3 + M ] 
--+ C2H3 + C.JI2 + M 
--+ linear-~Hs + M 

CJl6 Reactions 

C;~ + M --+ CJIs + H + M ] 
--+ C4K. + C2H2 + M 

C6HsO Radical Reactions 

C;HsO + M --+ CsHs + CO + M 

CJlsCH2 Radical Reactions 

C;HsCH2 + M --+ C3H3 + 2C2H2 + M ] 
--+ C4K. + C3H3 + M 
--+ CsHs + C2H2 + M 
--+ C7H7(BCH) + M 

CJlsCH3 Reactions 

C;HsCH3 + M --+ ~HsCH2 + H + M 
> Ct,H:. I CH3 I M 

--+ CH6 + C2K. + M 

TABLE 1. Bimolecular reactions - Continued 

Temp/K 

See Table 3 

See Table 2 

See Table 2 

1.0 X 10- 13 exp( -830fT) 300-1000 

See Table 2 

See Table 2 

See Table 2 

See Table 2 

See Table 2 

See Table 2 

C;HSC2Hs + M --+ CJIsCH2 + CH + M ] 

--+ ~HsCHCH2 + H2 + M See Table 2 
--+ CHs + C2Hs + M 
--+ CJIsCHCH3 + H + M 

Error limits (41 log k) 

± 0.3 at 300 K rising to 
± 0.5 at 1000 K 

425 

Page 

716 

716 

716 

716 

717 

717 

717 

718 

718 

118 

718 

721 

721 

724 

724 

725 

725 

728 

728 

731 

731 

733 

733 
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TABLE 2. Decomposition reactions 

Reaction koo/s- 1 Temp/K Error limits (4 log k) Page 
ko/cm3 molecule -1 S-1 
Fe 
k/s- 1 = kokoo [M] 

F 
ko[M] + koo 

H2 + Ar - 2H + Ar ko = 3.7 X 10-10 exp( -48350/T) 2500-8000 ± 0.3 SSO 

H2 + H2 - 2H + H2 ko = 1.5 X 10-9 exp( -48350/T) 2500-8000 ± 0.5 550 

H20 + N2 - H + OH + N2 ko = 5.8 X 10-9 exp( - 52920/T) 2000-6000 ± 0.5 603 

H20 2 + M-20H + M ko(Ar) = 3 X 10-8 exp( -21600/T) 1000-1500 ± 0.2 61S 
ko(N2) = 2 X 10-7 exp( -22900/T) 700-1500 ± 0.2 
koo = 3 X 1014 exp( -24400/T) 1000-1500 ± 0.5 
Fe(Ar) = 0.5 700-1500 Me= ± 0.1 

CH3 + M - CH2 + H + M ko = 1.7 X 10-8 exp( -45600/T) 1500-3000 ± 0.5 648 

CH. + M-CH3 + H + M ko(Ar) = 1.2 X 10-6 exp( -47000/T) 1000-3000 ± 0.3 673 
ko(CH.) = 1.4 X 1O-!> exp( -48100/T) 1000-2000 ± 0.3 
koo = 2.4 X 1016 exp( - 52800/T) 1000-3000 ± 0.5 
Fe (Ar) = exp( -0.45 - T/3231) 1000-3000 Me= ± 0.1 
Fe (CH.) = exp( -0.37 - T/2210) 1000-2000 Me= ± 0.1 

HCHO + M - H + CHO + M ] ko(l) = 2.1 X 10-8 exp( -39200/T) 1500-2500 ± 0.3 681 
-H2+CO+M kl/k2 = 0.5 at 2200 K 

CH30 + M - HCHO + H + M ko = 3.16 X 1()2 T-Z 7 exp( -l5400/T) 300-1000 ± 1.0 687 
[estimate] 

CH300H + M - CH30 + OH + M koo = 4 X 1015 exp( - 21600/T) 400-1000 ± 0.5 at 600 K rising to 690 
± 1.0 at 400 and 1000 K 

NCO + Ar - N + CO + Ar ko = 1.7 X 10 - 9 exp( - 23500/T) 1450-2600 ± 0.4 697 

C2H3 + M - CZH2 + H + M ko = 6.9 X 1017 T- 7s exp( -22900/T) 500-2500 ± 0.5 704 
koo = 2 X 1014 exp( -20000/T) 500-2500 ± O.S 
Fe = 0.35 500-2500 Me= ± 0.1 

C2~ + M - 2CH3 + M ko(Ar) = 1.1 X 1()2S T-8.24 exp( -47090/T) 300-2000 ± 0.5 710 
ko(C2~) = 4.5 X 10-2 exp( -41930/T). 800-1000 ± O.S 
koo = 1.8 X 1()21 T -1.24 exp( - 45700/T) 300-2000 ± 0.3 
Fc(Ar) = 0.38 exp( - T/73) +0.62 exp( - T/1180) 300-2000 Me= ± 0.1 
Fc(C2~) = 0.54 exp( - T/1250) 800-1000 Me= ± 0.1 

CH3CHO + M - CH3 + CHO + M k(l atm.) = 7 X 1015 exp( -41l00/T) 750-1200 ± 0.4 716 
(pressure dependent region) 

C2HsO + M - HCHO + CH3 + M koo = 8 X 1013 exp( -10830/T) 300-600 ± 1.0 717 
[estimate] 

C2HsOOH + M - CzHsO + OH + M koo 4 X 1015 exp( -21600/T) 400-1000 ± 1.0 718 

~Hs + M - CZH2 + C4H3 + M ] 
- C2H3 + C4H2 + M 

No recommendation 718 

- linear-CHs + M 4.0 X 1013 exp( -36700/T) 1450-1900 ± 0.4 

~~ + M-C~s + H + M 9.0 X 1015 exp( -54060/T) 1200-2500 ± 0.4 at 1200 K 721 
- <4H. + H2 + M reducing to ± 0.3 

at 2500 K 

~HsO + M - CsHs + CO + M 2.5 X 1011 exp( -22100/T) 1000-1580 ± 0.2 724 
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Reaction 

TABLE 2. Decomposition reactions - Continued 

k fSJ /s- 1 

kJcm3 molecule -1 S-1 

Fc 
k/s-1 = ko k/X> [M] F 

ko[M] + kfSJ 

Temp/K 

-+ C4~ + C3H3 + M 5.1 X 1013 exp( -36370/T) 
C;HsCH2 + M -+ C3H3 + 2C2H2 + M ] 

1350-1900 
-+ CsHs + C2H2 + M 
-+ C7H7 (BCH) + M 

C;HsCH3 + M -+ C6HsCH2 + H + M 
-+ C;Hs + CH3 + M 

p-C;14(CH3)2 + M -+ p-C;~CH2CH3 
+H+M 

C;HSC2Hs + M -+C;HsCH2 + CH + M 
-+~H6+C2~+M ] 
-+C;HsCHCH2 + H2 + M 
-+C;Hs + C2Hs + M 
-+C;HsCHCH3 + H + M 

3.1 X lOIS exp( -44890/T) 
No recommendation 

4.0 x 1013 exp( - 42600/T) 

6.1 X 1015 exp( - 37800/T) 

No recommendations 

920-2200 

1400-1800 

770-1800 

Error limits (~ log k) 

± 0.3 at 1350 K rising 
to ± 0.5 1900 K 

± 0.3 at 900 K 
rising to ± 0.5 
at 2200 K 

± 0.5 

± 0.1 at 770 K 
rising to ± 0.4 at 

427 

Page 

725 

728 

731 

733 
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TABLE 3. Combination reactions 

Reaction k"",/cm3 molecule-1s- 1 Temp/K Error limits (4 log k) Page 
koIcm6 molecule - z S-1 

Fe 

k/cm3 molecule-1s- 1 = 
ko k m [M] F 
ko[M] + k«> 

H + Oz + Ar -+ H02 + Ar ko 1.7 X 10-30 T-OS 300-2000 ± 0.5 488 

H + Oz + Hz -+ HOz + Hz ko 5.8 X 10-30 T-0 8 300-2000 ± 0.5 488 

H + Oz + N2 -+ HOz + N2 ko 3.9 X 10-30 T-08 300-2000 ± 0.5 488 

H + Oz + HzO -+ HOz + HzO ko = 4.3 X 10-30 T-08 300-2000 ± 0.5 488 

H + H + Ar -+ H2 + Ar ko = 1.8 X 10-30 T-IO 300-2500 ± 0.5 492 

H + H + Hz -+ Hz + H2 ko = 2.7 X 10-31 T-06 100-5000 ± 0.5 495 

H + OH + H20 -+ H20 + H2O ko = 3.9 X 10-25 T- zO 300-3000 ± 0.3 497 

H + OH + Ar -+ H20 + Ar ko = 2.3 X 10-26 T-2O 300-3000 ± 0.3 496 

H + OH + N2 -+ H20 + N2 ko = 6.1 X 10-26 T- 2O 300-3000 ± 0.3 498 

H+CH3+M-+C&+M ko(He) = 6.2 X 10-29 (T /3000) -18 300-1000 ± 0.3 512 
ko(Ar) = 6 X 1O-29 (T/300)-18 300-1000 ± 0.5 
kO(C2~) = 3 X 10-28 (T/300)-1S 300-1000 ± 0.5 
k.., = 3.5 X 10-10 300-1000 ± 0.3 
Fc(He,Ar) = exp( -0.45 - T/3231) 300-1000 AFc= ± 0.1 
Fe(C2~) = exp( -0.34 - T/3053) 300-1000 AFc= ± 0.1 

H + C2H2 + He -+ C2H3 + He k.., = 1.4 X 10-11 exp( -1300/T) 200-400 ± 0.3 527 
ko = 3.3 X 10-30 exp( -740/T) 200-400 ± 0.5 
Fe = 0.44 200-400 AFc= ± 0.1 

tI + C2H3 + M -+ C2& + M No recommendation 528 

H + C2H4 + M -+ CzHs + M No recommendation 529 

H + C2Hs + M -+ CZH6 + M No recommendation 531 

H + ~Hs + M-+~~ + M k"" = 1.3 X 10-10 1400-1700 ± 0.5 541 

H + ~a; + M -+ C6H7 + M k.., = 6.7 X to- 11 exp( -2170/T) 300-1000 ± 0.2 541 

H + ~HsO + M-+~H50H + M k"" = 4.2 X to- IO 1000 ± 0.3 544 

H + C;HsCH2 + M -+ C;HsCH3 + M kG> = 5.5 X to-tO 300-2000 ± 0.2 at 300 K rising to 545 
..1. 0.7 at 2000 K. 

H + C;HsCH3 + M -+ C6H6CH3 + M k"" = 1.2 X 10-13 298 ± 0.2 546 

H + ~HSC2Hs + M -+ C6~C2H5 + M k"", = 3.3 X 10-13 298 ± 0.1 549 

OH + OH + M ~ HzOz + M ko(Nz) = 8 X 10-31 (T/300)-076 250-1400 ± 0.4 556 
ko(HzO) = 4 X 10-30 300-400 
koo = 1.5 X 10-11 (T/300)-037 200-1500 ± 0.5 
Fc(Nz) = 0.5 200-1500 AFc= ± 0.2 

OH + CH3 + M ~ CH30H + M No data available for this channel 570 
(See Table 1) 

OH + C2Hz + M ~ CZH20H + M See data sheet 583 
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Reaction 

OH + C6~ + M - C6H60H + M 

OH + ~H50H + M - ~H5(OH)z + M 

OH + C6H5CH3 + M - HOC6H5CH3 + M 

OH + Ct;H4(CH3)2 + M - C6H4(CH3)zOH + M 

OH + ~H5C2H5 + M - HOC6H5C2H5 + M 

3CH2 + C2H2 + M - C3~ + M 

'CH, + C,H. + M ~ C,H, + M ] 
~ c-C3 H" + M 
- C3H5 + H + M 

lCH2 + C2Hz + M - CH2CCHz + M ] - CH3CCH + M 
- CH2CCH + H + M 

lCH2 + C2H4 + M - C3H6 

CH3 + O2 + M - CH30 Z + M 

CH3 + CH3 + Ar - C2H6 + Ar 

CH3 + C2H2 + M - C3H5 + M 

CH3 + C2H4 + M - n-C3H7 + M 

CH3 + C2H5 + M - C3HI! + M 

C2Hs + C2H5 + M - n -C4HIO + M 

CH3CO + O2 + M - CH3C03 + M 

TABLE 3. Combination reactions Continued 

k .. /cm3 molecule- 1s- 1 

kolcm6 molecule-2 S-1 

Fc 

k/cm3 molecule- 1s- 1 = ko k", [M] F 
ko[M] + k", 

ka; = 3.8 X 10-12 exp( -340/T) 

k .. = 2.8 X 10- 11 

k .. = 3.8 X 10-12 exp(180/T) 

k .. = 1.4 X 10- 11 

7.5 X 10- 12 at p ~ 1 atm. 

2.0 X 10- 11 exp( - 3330/T) 
atp = ~ 10 Torr. 

5.3 X 10- 12 exp( -2660/T) 

3.7 X 10- 10 independent of p 

1.1 X 10- 10 independent of p 

ko(Ar) = 1.5 x 1O- z2 T- 33 

ko(N2) = 1.6 X 10-22 T- 33 

k", = 1.3 X 10-15 T- 1 2 
Fc = 0.466 - 1.30 x 10-4 T 

k", = 6 X 10- 11 

ko = 3.5 X 10-7 T- 70 exp( -1390/T) 
Fc = 0.38 exp( - T/73) 

+ 0.62exp( - T/1180) 

k", = 1 X 10- 12 exp( -3900/T) 

3.5 X 10- 13 exp{ -3700/T) 

k .. = 4.7 X 10- 11 

k .. = 1.9 X 10- 11 

2 X 10- 12 

for p = 1-4 Torr. 

Temp/K Error limits (A log k) Page 

240-340 ± 0.2 595 

298 ± 0.1 598 

200-300 ± 0.4 598 

300-320 ± 0.1 601 

298 ± 0.1 603 

300-1000 ± 0.3 642 

300-1000 ± 0.2 at 300 K rising to 6-13 
± 0.3 at 1000 K 

300-1000 ± 0.3 at 300 K rising to 646 
± 0.7 at 1000 K. 

300-1000 ± 0.2 at 300 K rising to 647 
± 0.5 at 1000 K. 

300-800 ± 0.3 650 
300-800 ± 0.3 
300-800 ± 0.3 
300-800 

300-2000 ± 0.05 at 300 K rising to 656 
± 0.3 at 2000 K 

300-2000 ± 0.3 

300-2000 APe = ± 0.1 

300-600 ± 0.5 661 

300-600 ± 0.3 663 

300-800 ± 0.3 665 

300-1200 ± 0.3 707 

300 ± 0.3 716 
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4. Data Sheets 

o + H2 ~ OH + H 

Thermodynamic Data 
4H'298 = 7.76 kJ mol-1 

,6S0298 = 6.67 J K-1mol-1 

K" = 1.8 -ro.m exp( -917fT) 

Rate Coefficient Data 

Rate Coefficient Measurements 
3.7,10-10 exp( -6916/T) 
5.2'10-11 exp( - 49501T) 
8.3.10-12 exp( - 43301T) 
9.1,10- 18 

3.8.10- 10 exp( -6916IT) 
3.1'10-10 exp( -6976IT) 
8.5,10- 20 p.67 exp( -3163IT) 

Reviews and Evaluations 
3.0010- 14 Tl.O exp( -4474/T) 
1.8,10-20 T2.8 exp( - 29831T) 
2.5,10- 17 p.o exp( -3800/T) 

Comments 

T[K] 

1400-1900 
363-490 
347-832 

298 
2097-2481 
1700-2500 
504-2495 

400-2000 
400-1600 
300-2500 

(a) Shock wave initiated combustion of H2f02fCO/C02f 
Ar mixtures; [OH] monitored by chemiluminescence 
of CO + 0 reaction. Numerical integration of 12 re
action mechanism with fitting of k(O + H2)/k(H + 
02) to experimental results. Based on k (H + 02) = 
2.0-10-7 T-O•91 exp( -8369/T) em3 molecule- 1 S-1 11. 

(b) Diffusion-stirred discharge-flow reactor; [0] by air af
terglow chemiluminescence. Total pressure = 0.4 kN 
m-2• 

(c) Discharge-flow system; [0] by resonance fluorescence 
at 130.6 nm and air afterglow chemiluminescence. 
Given parameters based on resonance fluorescence 
measurements. 

(d) State-selective reaction rate for H2 (v = 0). Discharge
flow reactor; [OH (v = 0)] and [OH (v = 1)] from laser 
induced fluorescence. H2 (v = 1) suppressed by addi
tion of C02 and controlled by VUV absorption. Total 
pressure 3 Torr. 

(e) Shock heating of Hu'N20/Ar mixtures; [0] by atomic 
resonance absorption spectroscopy. Numerical mod
elling of 11 reaction mechanism. 

(f) Shock heating of H2fN20/Ar mixtures; [H] and [0] by 
atomic resonance absorption spectroscopy. Total 
densities 6-10-6-1.3-10-5 mol cm-3• 

(g) Flash-photolysis - shock tube technique combined 
with atomic resonance absorption and resonance flu
orescence spectroscopy. 

J. Phya. Chem. Ref. Data, Vol. 21 t No.3, 1992 

Reference 

Schott, Getzinger, and Seitz (1974)1 
Campbell and Handy (1975)2 
Dubinsky and McKenney (1975) 3 

Light and Matsumoto (1980)" 
Pamidimukkala and Skinner (1982~ 
Frank and Just (1985)f' 
Sutherland et al. (1986)' 

Baulch et al. (1972)8 
Cohen and Westberg (1983)9 
Wamatz (1984)10 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 
(g) 

k 8.5-10-20 T2.67 exp( - 31631T) cm3 molecule- 1 S-1 over 
range 300-2500 K 

Reliability 
alog k = ± 0.5 at 300 K reducing to ± 0.2 for T > 

500K 

Comments on Preferred Values 
The rate coefficient given by Sutherland et al.7 is 

taken as the recommendation due to the extremely large 
temperature range and the sophisticated methods used. 

References 

10. L. Schott, R. W. Getzinger, and W. A Seitz, Int. J. Chem. Kin. 6, 
921 (1974). 

21. M. Camphell and R J HRndy. J. Chem. Soc .• Faraday Trans. I. 71, 
2097 (1975). 

3R. N. Dubinsky and D. J. McKenney, Can. J. Chem. 53, 3531 (1975). 
4G. C. Light and J. H. Matsumoto, Int. J. Chem. Kin. 12,451 (1980). 
5K. M. Pamidimu1dcala and G. B. Skinner. 1. Chem. Phys. ", 311 

(1982). 
6P. Frank and Th. Just, Ber. Bunsenges. Phys. Chem. 89, 181 (1985). 
7J. W. Sutherland, J. V. Michael, A N. Pirraglia, F. L. Nesbitt, and R. 
B. Klemm, 21st Symp. (Int.) Combust., 929 (1988). 

liD. L. Baulch, D. D. Drysdale, D. G. Home, and A. C. LIoyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the Hr02 System", London, 
Butterworths (1972). 
~. Cohen and K. Westberg, J. Phys. Chem. Ref. Data ll, 531 (1983). 
IOJ. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, 
Springer-Verlag, New York (1984). 

11G. L. Schott, Comb. Flame 21, 357 (1973). 
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DATA 

Dubin!lky and MCKenny 1975 
Dubinsky and MCKenny 1975 
Campbell !Jnd Handy 1975 
Light and Malsumoto 1980 
Pomld,mukkalo and Skinner 1982 
iranv and JU!lt 1 :)85 
Suther/and el QI 1986 
Sutherfond o( 01 1986 
Ciyne and ThrU3" 1 9S3 
Wong and Potter 1965 
Balakhnin e{ 01 1966 
Riplev and Gorriin .. , 1966 

Gutman and SchoU 1967 
Gutmon et 01 1967 
Hoyermann et 01 1967 
Westenberq and DeHoa::! 1967 
WestenbcrQ and DeHi'ln.. 1067 
Balakhnin et 01 1968 
Campbell and Thrush 1968 
Kur:zius 1968 
Browne e{ al 1969 
Schott 1969 
WaKe(,eld , 969 

Westcnberg und DeHaas 1969 
Oolaldmin et al 1970 
Dcon and l<istiakowsky 1970 
Jochimowski and Houqhton 1970 
8rabbs et 01 1971 

This Recommendation 19B9 
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o + OH -+ H + O2 

Thermodynamic Data 
Alr298 =-70.2 kJ mol- 1 

A,S0298 = -24.9 J K-1mol- 1 

K" = 3.3'10-3 rut4 exp( + 8620IT) 

Rate Coefficient Data 

Rate Coefficient Measurements 
4.4.10- 11 

2.0010-11 exp( + H2/T) 
3.8,10-11 

6.7,10- 10 T-o.s 
3.1,10- 11 

3.3'10- 11 

Reviews and Evaluations 
3.8'10-11 

3.0010-11 

7.5'10- 10 T-0.5 exp( -30IT) 

T[K] 

425 
221-499 

298 
250-515 

300 
296 

300 
300-2500 
200-2500 

Comments 

(a) Discharge-flow system; reaction of Oep) atoms in H:z/ 
COIN:! mixtures monitored by observing the chemilu
minescence of CO + 0 recombination. Relative 
measurement k(O + OH)/k(CO + OH) = 260. 
Given k based on k(CO + OH) = 1.7-10-13 cm3 

molecule- t S-I. 

(b) Low-pressure discharge-flow system. [OH] and [0] by 
resonance fluorescence. Results also described by k 
= 2.4-10- 10 r-O.362 cm3 molecule- I S-I. 

(c) Flow system; 0 formed by microwave discharge, OH 
by flash photolysis of H 20. [OH] monitored by reso
nance fluorescence. Total pressure 3.75 Torr. 

(d) Fast-flow reactor; [OH] by laser magnetic resonance, 
[0], [H], and [OH] by resonance fluorescence, [0] by 
resonance absorption. Total pressures 1.0-3.0 Torr. 

(e) Isothermal flow system; FIR-LMR spectroscopy. 

Preferred Values 

k = 2.D-10-uexp( + 112/T) em3 molecule-1 S-1 over range 
220-500 K 

k "". 2.4·10-11exp( -353/T) em3 moleeule- t 5- 1 over range 
1000-2000K 

Reliability 
alog k = ± 0.2 over range 220-500 K 
alog k = ± 0.1 over range 1000-2000 K 

J. Phy._ Cham. Ret. Data, Vol. 21, No.3, 1992 

Reference 

Campbell and Handy (1977)1 
Lewis and Watson (1980)2 
Howard and Smith (1980)3 
Howard and Smith (1981)4 
Brune, Schwab, and Anderson (1983)5 
Temps (1983)6 

Baulch et ale (1972,1980)7,11 
Wamatz (1984)9 
Tsang and Hampson (1986)10 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 
(c) 
(d) 
(e) 

According to the potential energy surface two sets of 
rate parameters are recommended. In the low tempera
ture region the results of Lewis and Watson2 have been 
chosen whereas for higher temperatures the parameters 
have been calculated from the rate of the reverse reaction 
H + O2 -i> 0 + OH and the equilibrium constant. 

For clarity, nite data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et a1.7 for Ref.). 

References 

11. M. Campbell and B. J. Handy, Chem. Phys. Lett 47, 475 (1977). 
2R. S. Lewis and R. T. Watson, J. Pbys. Chem. 84, 3495 (1980). 
3M. J. Howard and I. W. M. Smith, Chem.,Phys. Lett. 69,40(1980). 
4M. J. Howard and I. W. M. Smith, J. Chem. Soc., Faraday Trans. II, 77, 

997 (1981). 
sw. H. Brune, J. J. Schwab, and J. G. Anderson, J. Phys. Chem. 87. 4503 
(1983). 

elF. Temps. Ber. MPI Stromungsforschung (4) (1983). 
"D. L. Baulch, D. D. DI)'M1alc;, D. O. HUCDc;, and A. C. L1uyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the Hr02 System", London, 
Butterwonhs (1972). 

110. L. Baulch. R. A. Cox, R. F. HamplSOfJ, 1. A Kc;rr.l. True, and R. 
T. Watson, J. Phys. Chem. Ref. Data 9. 295 (1980). 

9J. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner. Springer
Verlag, New York (1984). 

lOW. Tsang and R. F. Hampson, J. Pbys. Chem. Ref. Data 15, 1087 
(1986). 

lIC. J. Cobos, H. Hippler, and J. Troe, J. Phys. Chem. 89, 342 (1985). 
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Thermodynamic Data 
41r298::: -221 kJ mol-1 

~298 = -1.29 J K- 1mol-1 

Kp = 8.29 T-O.304 exp( + 264OOIT) 

Rate Coefficient Data 

Rate Coefficient Measurements 
5.5-10- 11 

1.7'10-11 

3.5.10-11 

3.3-10- 11 

3.1-10- 11 

7'10- 11 

5.4'10- 11 

3.1,10- 11 exp( +200/T) 
6.2,10- 11 

5.2'10- 11 

2.9-10 -11 exp( + 228fT) 

Reviews and Evaluations 
1.0-10-10 exp( - 349fT) 

3.2'10-11 

3.3·1O-n 

3.3.10-11 

2.8,10- 11 exp( +200/T) 

Comments 

T[K] 

1050 
1000 
293 
298 
296 
298 
296 

230-370 
298 
300 

266-391 

31JU-&KJ 

298 
298 

300-1000 
300-1000 

(a) Computer simulation of burning velocities of rich H2I 
07fN2 flames. No great accuracy. 

(b) Flat flame study; evaluation of existing experimental 
data. 

(c) Fast flow system; [OR] and [H20 2] by laser magnetic 
resonance. 

(d) Isothermal discharge-flow tube; total pressures 1-10 
mbar He. [0] by ESR, [H02] by LMR. 

(e) Fast flow system; total pressure ~ 1 Torr. [OH] and 
[H02] by laser magnetic resonance. Value of k based 
on either k(O + OR) or k(OH + H202) from Ref. 
17. 

(f) Pulse radiolysis of H2IOzl AI mixtures at total pressure 
of 1200 Torr. [H02] and [03] by absorption measure
ments. Numerical integration of a system of 10 reac
tions and adjusting of k to fit the experimental results. 

(g) Discharge-flow tube. [H02] monitored by rapid con
version to OH with large excess of NO, [OH] by laser 
induced fluorescence, [R] and [0] by VUV resonance 
fluorescence. 

(h) Discharge-flow system. [H02] monitored by rapid 
conversion to OH with large excess of NO. [OH], [H], 
and [0] by resonance fluorescence. 

(i) Laser photolysis of a mixture of H202 and 0 3 in N2 or 
AI under slow flow conditions. [0] by time-resolved 
resonance fluorescence, [H202] by absorption mea
surements. k found to be independent of pressure in 
the range 10-500 Torr. 
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Reference 

Day, Thompson. and Dixon-Lewis (1973)1 
Dixon-Lewis and Rhodes (1975)2 
Burrows, Harris and Thrush (1977)3 
Hack et al. (1979)4 
Burrows el al. (1979)5 
Lii, Sauer, and Gordon (1980)(> 
Sridharan, Qiu, and Kaufman (1982)' 
Keyser (1982)8 
Ravishankara, Wine, and Nicovich (1983)9 
Brune. Schwab. and Anderson (1983)10 
Nicovich and Wine (1987)11 

Baulch et al. (197b)1Z 

Baulch etal. (1980)13 
Kaufman and Sherwell (1983)14 
Wamatz (1984)15 
Tsang and Hampson (1986)16 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
(k) 

G) Discharge-flow system. [H02] by LMR and conversion 
to OH by NO. [OH] by LMR and resonance fluores
cence, [0] by resonance fluorescence and resonance 
absorption. No pressure dependence of k observed. 

(k) Pulsed laser photolysis of H 20zl03/N2 mixtures (80 
Torr) under slow flow conditions. Time-resolved res
onance fluorescence of Oep). 

Preferred Values 

k = 5.4-10- 11 cm:! molecule- 1 
S-1 over range 300-1000 K 

Reliability 
Alog k ± 0.3 at 300 K rising to ± 0.5 at 1000 K 

Comments on Preferred Values 
The recommendation is based on the value of Sridha

ran et al.7 which is in agreement with the majority of the 
other measurements within the error limits. 

References 

1M. J. Day, K. Thompson. and G. Dixon-Lewis, 14th Symp. (Int.) Com
bust .• 47 (1973). 

2G. Dixon-Lewis and P. Rhodes, results presented at 2eme Symp. Eu
ropeen sur la Combustion (1975). 

3J. P. Burrows, G. W. Harris, and B. A Thrush, Nature 267. 233 (1977). 
4W. Hack, A. W. Preuss, F. Temps. and H. Gg. Wagner, Ber. Bunsen
ges. Phys. Chern. 83, 1275 (1979). 
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4W. Hack, A. W. Preuss, F. Temps, and H. Gg. Wagner, Ber. Bunsen
ges. Phys. Chern. 83, 1275 (1979). 

51. P. Burrows, D. I. Qiff, G. W. Harris, B. A. Thrush, and J. P. T. 
Wilkinson, Proc. Roy. Soc. A368, 463 (1979). 

6R.-R. Ui, M. C. Sauer, and S. Gordon, J. Phys. Chern. 84, 817 (1980). 
7U. C. Sridharan, L. X. Qiu, and F. Kaufman, J. Phys. Chern. 86, 4569 

(1982). 
8L. F. Keyser,1. Phys. Chern. 86, 3439 (1982). 
\lA. R. Ravishankara, P. H. Wine, and J. M. Nicovich, J. Chern. Phys.78, 
6629 (1983). 

lOW. H. Brune, J. J. Schwab, and J. G. Anderson, J. Phys. Chern. 87, 
4503 (1983). 

111. M. Nicovich and P. H. Wine, J. Phys. Chern. 91,5118 (1987). 

12D. L. Baulch, D. D. Drysdale, D. G. Horne, and A. C. Uoyd, "Eval
uated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the Hz-Oz System", London, 
Butterworths (1972). 

13D. L. Baulch, R. A. Cox, R. F. Hampson, J. A. Kerr, J. Troe, and R. 
T. Watson, J. Phys. Chern. Ref. Data 9, 295 (1980). 

14M. Kaufman and 1. Sherwell, Prog. React. Kinet. 12,2(1983). 
151. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, 
Springer-Verlag, New York (1984). 

u·W. Tsang and R. F. Hampson, 1. Phys. Chern. Ref. Data 15, 1087 
(1986). 

17R. F. Hampson and D. Garvin, N. B. S. Technical Note No. 513 
(1978). 
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o + H20 2 ~H02 + OH (1) 
~H20 + O2 (2) 

Thermodynamic Data 
~98 (1) = -63.6 kJ mol- 1 

AS~8 (1) = 18.8 J K-1mol- 1 

~(1) = 1.02-1()3 T-0666 exp( + 7390IT) 

.MF298 (2) = - 354.9 kJ mol- 1 

M"29!! (2) = 0.07 J K-1mol- 1 

~(2) 5.27·1()2 T-0913 exp( + 42370/T) 

Rate Coefficient Data (k = k1 + k2) 

Rate Coefficient Measurements 
4.7,10- 11 exp( -3220IT) 
2.8,10-12 exp( -2125IT) 
1.1·lU-1z exp( -2UUU/T) 

ktl k > 0.2 

Reviews and Evaluations 
4.6'10 - 11 exp( - 3Z23/T) 
1.6.10- 17 T2 exp( -2000/T) 

Comments 

T[K] 

370-800 
283-368 
29H-38b 

300-1000 
300--2500 

(a) Discharge-flow system; [0] monitored either by ESR 
combined with normal mass spectrometry or by 
molecular beam sampling coupled to time-of-flight 
mass spectrometer, [H20 2] by mass spectrometry. 
Equal probability for channels (1) and (2). 

(b) Flash photolysis of 0 3 at 600 nm; [0] by resonance 
fluorescence. Results confirmed by the work of 
Roscoe6 on numerical simulations of 0 + H20 2 in a 

. fast-flow system. 
(c) Pulsed laser photolysis of ozone at 532 nm. [0] mon

itored by time-resolved resonance fluorescence. 

Preferred Values 

k L1·10-12 exp( -2000/T) em3 molecule- 1 S-l over 
range 300-500 K 

Reliability 
dlog k = ± 0.3 over range 300-500 K 

Reference 

Albers et ale (1971)1 
Davis, Wong, and Schiff (1974)2 
Wme et at. (1983Y' 

Warnatz (1984t 
Tsang and Hampson (1986)5 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

The value of Albers et al.(1971)1 is rejected because of 
the complex system studied. The value measured by Wine 
et ale (1983)3, agreeing with that of Davis, Wong and 
Schiff (1974)2, well within the error limits quoted, has 
been taken as recommended value because of the mod
ern experimental technique. 

For clarity rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.7 for Ref.). 

References 

lE. A. Albers, K. Hoyermann, H. Gg. Wagner, and 1. Wolfrum, 13th 
Symp. (Int.) Combust., 81 (1971). 

2D. D. Davis, W. Wong, and R. Schiff, J. Phys. Chern. 78, 463 (1974). 
3p. H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, 
J. Phys. Chern. 87, 3948 (1983). 

4J. Warnatz. in "Combustion Chemistry", ed. W. C. Gardiner, ~pTinger-
Verlag, New York (1984). . 

sW. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 

6J. M. Roscoe. Int. J. Chern. Kin. 14. 471 (1982). 
'D. L. Baulch, D. D. Drysdale, D. O. Horne, and A. C. Lloyd, "Evalu

ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the H:z-02 System", London, 
ButtelWorths (1972). 

J. Phys. Che!,"_ Ref. Data, Vol. 21, No.3, 1992 



438 

~ 
J 

rn .... 
I 

-11.5 

-12.0 

-12.5 . 

J2 -13.0 
::1 
() 
(J) 

.....-I 

o a 
M 

a 
C) -13.5 

"-..,. 
..!:s:f 
"'-'" 

Q() 
o 

.....:l 

-14.0 

-14.5 

-15.0 

o 

2000 

o • 6. 
A 

BAULOH ET AL. 

T/K 
1000 

EXPERIMENTAl. DATA 
Oavls et ul 1&7 .. 

Wine et of 1983 
Peterson and Kretschmer 1960 
F' oner end Hudson 1962 
Albers .t 01 1971 

this RecommendoUon 1989 

500 

J. Phys. Chem. Ref. Data, Yol. 21, No.3, 1992 

400 300 

o 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 439 

o + NH3 -+ OH + NH2 

Thermodynamic Data 
!llrm = 26.1 kJ mol- 1 

&S'298 = 24.6 J K-1mol-1 

Kp = 478 T-O.40S exp( -3420/T) 

Rate Coefficient Data 

Reviews and EvaiUIJtions 
2.5.10- 12 exp( -3020IT) 
1.8.10- 18 T2.1 exp( -2620/T) 

Comments 

(a) Review of data up to 1973. 

T[K] 

300-1000 

(b) Thorough review of Refs. up to 1987, results checked 
and recalculated. Recommended k value based upon 
evaluation of previous data and also upon transition 
state theory calculations resulting in a higher than 
usual value of the Tn term. 

Preferred Values 

k = 1.6.10-11 exp( -36701T) cm3 molecule- t S-1 over 
range 500- 2500 K 

Reliability 
410g k = ± 0.5 over range 500-2500 K 

Comments on Preferred Values 
Studies up to 1987 have been comprehensively re

viewed by Cohen2 and only review articles are tabulated 
here. 

The k values at high temperatures have all been ob
tained by fitting experimental resulls of flame studies4 or 
shock tube studies1S,16,17 to assumed reaction mechanisms. 
Hence the accuracy of the resulting k value is dependent 
upon the sensitivity of the experimentally measured 
quantities to the rate of this particular reaction; in this 
respect the work of Salimi an et al.16 is the most sensitive, 
although all of the quoted k values agree to within a fac
tor of 3. There is similar agreement between the studies 
at low temperatures, which have used discharge flow 
techniquesS

•
9

,10,l1, stirred flow reactors6,8 and static photol
ysis techniques12 with the exception of the more recent 
study of Perry13 using laser photolysis of O2 and [0] de
tection by N02 chemiluminescence. This study is fa
voured by Cohen2 as the technique should be free from 
complicating secondary reactions. The expression given 
by Cohen2 has a large Tn value based on transition state 
theory and Jeading to a high degree of curvature in the 
Arrhenius plot at high temperatures which is not evident 
in the experimental data. 

Reference Comments 

Baulch el ala (1973)1 
Cohen (1987)2 

(a) 
(b) 

The recommended values are based on the work of Sal
imian et al.16 at high temperatures. At low temperatures 
it seems likely that most of the earlier studies are affected 
by secondary reactions and only that of Perrt3 is likely to 
be exempt from that criticism. 

However, until Perry's results are confirmed, we adopt 
an expression with suhstantial error limits and lying be
tween the results of Perry14 and the older measurements. 
No Tn term has been inc1uded due to lack of direct exper
imental evidence for it but some curvature of the Arrhe
nius plot is Jikely. 

References 

ID. L. Baulch, D. D. Drysdale, D. G. Horne, and A. C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 2, Butter
worths, London (1973). 

2N. Cohen, Int. J. Chem. Kin. 19, 319 (1987). 
3S. Mayer, E. Cook, and L. Schieier, Aerospace Corp. Report TO-

269(4210-10)-61 (1964). 
4C. P. Fenimore and G. W. Jones, J. Phys. Chem. 65, 298 (1961). 
5L. I. Arramenko, R. V. Kolesnikova, and N. L. Kuzntsova, lIVest. 
Akad. Nauk SSSR. Otd. Khim. Nauk, 983 (1962). 

6E. L. Wong and A. E. Potter, J. Chem. Phys. 39, 2211 (1963). 
'K. T. Aganesyan and A. B. Nalbandyan. Doki. Akad. Nauk SSSR, 160, 

62 (1965). 
liE. L. Wong and A. E. Potter, J. Chern. Phys. 43,3371 (1965). 
!IE. A. Albers, K. Hoyermann, H. Gg. Wagner, and J. Wolfrum, 12th 

Symp. (Int.) Combust., 313 (1969). 
10M. J. Kurylo, O. A. Hollind.:;n, H. F. LcFc::vn:, and R. B. Timmons, J. 
Chern. Phys. 51, 4497 (1969). 

uK. Kirschner, N. Merget, and C. Schmidt, Chemie Ingenieur Technik 
46, 661 (1974). 

12c. Lalo and C. Vermiel. J. Chilli. Phys. 77, 131 (1980). 
13R. A. Perry, Chern. Phys. Lett. 106, 223 (1984). 
14D. L. Baulch, I. M. Campbell, and R. Hainsworth, J. Chem. Soc., 
Faraday Trans. I, 80, 2525 (1984). 
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5N. Fujii, H. Sato, S. Fujimoto, and H. Hiyama, Bull. Chem. Soc. Japan 
57, 277 (1984). 

16S. Salimian, R. K. Hanson, and C. H. Kruger, Int. J. Chem. Kin. 16, 
725 (1984). 

"N. Fujii, K. Chita, S. Uchida, and H. Hiyama, Chem. Phys. Lett.1l7, 
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o + CH ~ H + CO (1) 
~ CHO+ + e- (2) 

Thennodynamic Data 
Mr29fj (1) = -736 kJ mol- 1 

M"'m (1) = -31.7 J K- 1mol- 1 

1(,,(1) == 3.34,10-2 T-O.0'57S exp( +~500IT) 

Rate Coefficient Data 

RIlte Coefficient Measurements 
k2 = 2.8'10- 13 

kl = 9.5.10- 13 exp( -3020/T) 
kl = 2.4,10-14 

E21 R = 805 K 
kl = 9.4'10-11 

kl = 3.3'10-11 

k2 "'" 1.2'10-13 

kl = (1.7-2.5 ).10- 10 

Comments 

T[K] 

2000-2400 
1700-2100 

295 

298 
298 
298 

1500-2500 

(a) Flat flames of CH4 and/or CzR. at 16.5 and 40 Torr. 
Saturation current method; concentration profiles by 
molecular beam sampling and mass spectrometric 
analysis. Rate of ion generation was found to be -
[CH]-[O]. 

(b) Premixed CH4Iair flames; saturation current, [OH] by 
UV absorption, emission ofOH*, CH*, and CO + 0 
chemiluminescence, NO, N02, CO, and CO2 by mi
croprobe sampling, [0] from partial equilibrium as
sumption. 

(c) Fast flow reactor; C2H2I0/02 system. Molecular beam 
sampling coupled to mass spectrometer; saturation 
current. 

(d) IRMPD of CH30H in the presence of excess O. Total 
pressure 5-10 Torr Ar. [CH] by laser induced fluores
cencc. 

(e) Discharge-flow system; reaction of C2H2 with 0 and H 
atoms. Total pressure 1.4-8 mbar. Mass spectromet
ric observation of formation of C3IL. C4H2. and 
CH20. Computer modelling of 25 reaction mecha
nism. 

(t) Flow reactor; C2H2iO system. Saturation current 
method. 

(g) Shock heating of highly diluted acetylene/nitrous ox
ide/Ar mixtures. [H], [0], and [CO] by resonance ab
sorption spectroscopy. Total pressures 1.5-2 bar. 

Reference 

Peeters and Vinckier (1975)1 
Matsui and Nomaguchi (1978)2 
Vinckier (1979)3 

Messing el al. (1980)4 
Homann and Schweinfurth (1981),5 
Becker et ala (1982)6 
Frank, Bhaskaran, and Just (1986)11 

Preferred Values 

Comments 

(a) 
(b) 
(e) 

(d) 
(e) 
(f) 
(g) 

kl = 6.6-10- 11 cm3 molecule- 1 8- 1 over range 300-
2000K 

k2 = 4.2-10- 13 exp( -850/T) cm3 molecule- 1 8-1 over 
range 300-2500 K 

Reliability 
~log kl = :!: 0.5 over range 300-2000 K 
~log k2 = ± 0.5 over range 300-2500 K 

Comments on Pre/erred Values 
The recommendation of kl is based on the given exper

imental data4
.s,7. The value of k2 is derived from the mea

surements at high and low temperatures avail able 1,2,3,6. 

References 

IJ. Peeters and C. Vinckier, 15th Symp. (Int.) Combust, 969 (1975). 
ZY. Matsui and T. Nomaguchi, Jpn. J. Appl. Phys. 18, 181 (1978). 
~C. Vim;;kiC:l, J. PbYli. Chern. 83, 1234 (1979). 
41. Messing, I. Carrington, S. V. Filseth. and C. M. Sadowski, Chem. 
Phys. Lett. 74, 56 (1980). 

sK. H. Homann and H. Schweinfurth, Ber. Bunsenges. Phys. Chem. 85, 
569 (1981). 

6K. H. Becker, H. H. Breinig, O. Horie, and R. Meuser. 7th Int. Symp. 
Gas Kinetics, Gottingen (1982). 

7p. Frank, K. A. Bhaskaran, and Th. Just, 21st Symp. (Int.) Combust., 
885 (1988). 
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O+3CH2 ~CO+2H (1) 

443 

~ CO + H2 (2) 

Thermodynamic Data 
llH.298 (1) =: -310.8 kJ mol- I 

M~98 (1) = 70.3 J K-1mol- 1 

Kp(1) =: 3.81 TIll exp( + 37600/T) atm 

llH.298 (2) 746.7 kJ mol- 1 

Mi98 (2) -28.3 J K-1mol- 1 

Kp(2) 0.122 T-Ol66 exp( + 89700/T) 

Rate Coefficient Data (k = k1 + k2) 

Rate Coefficient Measurements 
1.3.10- 11 

8'10- 11 

1.4'10- 11 

kl = 2'10- 10 

k2 = 1'10-10 

Reviews and Evaluations 
8'10- 11 

1.9,10- 11 

Comments 

T[K] 

290-600 
298 
296 

1500-2500 

800-2000 
298 

(a) Discharge flow study of 0 + C2H z with molecular 
beam sampling and mass spectrometric analysis. Rate 
coeffiCient determined from the approach of the 
[3CH2] signal to its steady-state valuel

• The tempera
ture dependence, corresponding to an "activation en
ergy" of - 0.4 ± 0.8 kJ mol- 1, was determined from 
the steady state concentration of 3CH2 and relies on 
a measured value of 13 ± 0.8 kJ mol- l for the activa
tion energy of OCP) + CZH2• 

(b) Discharge flow system, mass spectrometric detection. 
Rate coefficient extracted from 25 reaction mecha
nism. 

(c) Discharge flow, [OCP)] and [3CH2] determined by 
LMR. Used [3CH2] = (0.6-1.4)-1011 cm-3 and 
[Oep)]o / [3CHz]o 2-20. Secondary reactions of 
3CH2 (e.g.with the wall, O2, H, and 3CH2) were care
fully assessed. 

(d) Reflected shock wave in NzO/CzHJAr. CO, H, and 0 
detected by resonance absorption. Numerical fits to 
14 reaction mechanism. 

(e) Evaluation based on Refs. 1-3. 
(1) Based on an evaluation by Laufers of the data from 

Ref. 1 reputed to determine 
kCCHz+O)/kCCH2 + CZH2)' The low value of 
k eCHz + CzHz) renders this analysis erroneous. 

Preferred Values 

k = 2.10- 10 cm3 molecule- 1 S-1 over range 300-2500 K 
kl / k = 0.6 

Reference 

Vinckier and Debruyn (1978,1979)1.2 
Homann and Schweinfurth (1981)3 
Bohland, Temps, and Wagner (1984)4 
Frank, Bhaskaran, and Just (1987)5 

Warnatz (1984)1' 
Tsang and Hampson (1986)7 

Reliability 
alog k = ± 0.3 
a(kdk) ± 0.3 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 
(t) 

The most direct measurement is that of Bohland et al.\ 
but there is excellent agreement with the values of Frank 
et al.s at high temperatures_ The rate constant ratio is 
based primarily on the data of Frank et al.s, but Tsang 
and Hampson7 suggested kl/k = 0.5, based on the vibra
tional energy distribution in the product C09• For such an 
exothermic reaction, the channel efficiencies would not 
be expected to show a temperature dependence. 

References 
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o + CH3 ~ HCHO + H 

Thermodynamic Data 
Affl.98 :;:; - 293 kJ mol- 1 

AS'm = -23.0 J K-1mol- 1 

Kp = 1.43'10-2 ro·l9S exp (+3.54·10"/T) 

Rate Coefficient Data 

k[ em3 molecule-1 S-1 ] 

Rate Coefficient Measurements 
1.3-10-10 

1.14-10-10 

1.4'10-10 

Reviews and Evaluations 
1.2-10-10 

1.3·10-1u 

Comments 

T[ K] 

1700-2300 
295 

294-900 

300-2500 
295 

(a) Shock-tube decomposition of C2H6 / 02 mixtures with 
direct detection of Hand 0 by atomic resonance ab
sorption spectrometry. Rate coefficient derived from 
a computer simulation of [H] and [0] profiles. 

(b) Flow-discharge with mass spectrometric detection of 
o and CH3, decay of [CH3] measured under pseudo 
first-order conditions with [0] > > [CH3]. 

(c) Flow system with generation of CH3 and Oep) from 
the simultaneous in situ photolysis of CH3COCH3 
and S02 and determination of [CH3] and [0] by pho
toionization mass spectrometry. Experiments were 
performed under conditions such that [0] / [CH3] > 
20 and the rate coefficients were determined from 
the decay of CHJ. k found to be independent of pres
sure over the range 1-22 Torr. k confirmed by mea
surements of the rate of formation of HCHO, the 
sole observable product. 

Preferred Values 

k = 1.4-10-10 cm3 molecule- 1 
S-1 over range 300-2500 K 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference 

Bhaskaran, Frank, and Just (1979)1 
Plumb and Ryan (1982)2 
Slagle, Sarzynski, and Gutman (1987)3 

Wamatz (1984)4 
Tsang and Hampson (1986)5 

Reliability 
4log k = ± 0.2 over range 300-2500 K 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

The experiments of Plumb and Ryan2 and Slagle et al.3 

are in accord with the evaluations of Wamatz4 and of 
Tsang and Hampsons• Here we have recommended the 
rate coefficient reported by Slagle and et al.3, a study 
which also confirms that the reaction involves only one 
channel forming HCHO and H. 
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11(. A Bhaskaran, P. Frank, and Th. Just, "High Temperature Methyl 
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4J. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer
Verlas, New York (1984). 
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o + CH4 .... OH + CH3 

445 

Thermodynamic Data 
Mr298 = 10.4 kJ moJ-l 
~8 = 30.6 J K- 1mol-1 

Kp = 3.28-1()2 T-O l 98 exp( -1560/T) 

Rate Coefficient Data 

RIlte Coefficient Measurements 
1.16-10-11 exp( - 3875 IT) 
1.66·10 -10 exp( - 50331T) 
3.3-10- 11 exp( -463O/T} 
2.&10- 10 exp( -4000/T} 
3.2-10-10 exp( -5900/T} 
6.8-10 10 exp( -7030fT) 
2.01'10- 10 exp( -5435IT) 
2.63.10 -18 T2.36 exp( - 37301T) 
9.2-10- 19 T24 exp( -2838/T) 

Reviews and Evaluations 
3.5'10- 11 exp( -4550IT) 
3.5,10- 11 exp( -4550IT} 
8.5-10- 18 T2 "xp( -J240IT) 
5.24,10- 12 TDs exp( -5179 IT) 
2.0-10- 17 T21 exp( -3837IT) 
2.69-10- 18 T23 exp( -3570IT) 
3.44,10- 18 T232 exp( -3713/T) 
1.7'10- 15 T 1.5 exp( -4330IT) 
1.15.10- 15 T156 exp( -4270IT) 

Comments 

Temperature [K] 

450-600 
375-576 
297-904 

1750-2575 
1200-2000 
1500-2250 
474-1156 
420-1670 
763-1755 

350-2000 
350-1000 
300-2000 
475-2250 
300-2200 

400-2000 
400-2200 
400-2250 

(a) Discharge flow; ESR detection of 0 atoms. Some 
doubt about stoichiometry of reaction. 

(b) Discharge, stirred reactor; time-of-flight mass spec
troscopy. Assumed A[O]lA[CH4] = 4, but Cohen14 

suggests a value of 6 to 7 at 400 K. k values probably 
high at least 50% (not plotted). 

(c) Discharge flow; nSR detection of 0 atoms. Cohen 14 

suggests points below 400 K are too high due to use 
of incorrect stoichiometry. 

(d) Shock tube; fitting of d[CO?]ldt profiles; complex sys
tem. 

(e) Shock tube; monitoring CO flame band emission; 
complex system. 

(f) Shock tube; vacuum UV detection of 0 atoms. 
(g) Flash photolysis-resonance fluorecence (474-520 K); 

discharge flow-resonance fluorescence (548-1156 K). 
Very pure C~ used. 

(h) Flash photolysis-resonance fluorescence. Purity of 
CH4 not stated. 

(i) Flash photolysis-shock tube. Very pure C~ used. 
G) Review of early data. 
(k) Parameters based on 'collision' model of reaction. 
(1) Recommended value based on Refs. 6 and 8. 
(m)Temperature range not specified, but 400-2000 K 

likely. 
(0) Fit to rate constants calculated from activated com

plex theory. 

Reference 

Brown and Thrush (1967) 1 

Wong and Potter (1967)2 
Westenberg and DeHaas (1969)3 
Dean and IGstiakowsky (1971)4 
Brabbs and Brokaw (1975)5 
Roth ami JUlil (1977t' 
Klemm el al. (1981)' 
Felder and Fontijn (1981)8 
Klemm et ai. (1986)9 

Herron (1969)10 
Herron and Huie (1973}1l 
Shaw (1978)12 
Klemm et of. (1981)7 
Warnatz (1984)13 
Cohen (1986)14 
Wagner (1986)15 
Tsang and Hampson (1986)16 
Klemm et al. (1986)9 

(p) Based on data from Refs. 6, 7, and 8. 
(q) Based on data from Refs. 3, 5-9. 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 

(j) 
(j) 
(j) 
(k) 
(I) 
(m) 
(0) 
(p) 
(q) 

k 1.15-10-15 T1.S6 exp( -4270IT) cm3 molecule- t S-I 

over range 300-2500 K 

Reliability 
Alog k ± 0.15 at 2500 K 

± 0.05 between 1000 and 500 K, rising to 0.1 
at 400 K and at least 0.3 at 300 K. 

Comments on Preferred Values 
Between 400 and 2000 K there is excellent agreement 

between a number of reliable studies. The recommended 
value of k is that derived by Klemm et al.9

, who subjected 
the data of the more reliable studies to a rigorous analy
sis. Below 400 K, however, the value of k is considerably 
more unreliable14

, due to uncertainties in the reaction 
stoichiometry. All workers appear to have overestimated 
the value of k. 
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2000 1000 

0.5 1.0 

T/K 
500 

1.5 2.0 

1 03T-1 /K- 1 

o • b. .. 
o 

400 

2.5 

300 

EXPERIMENTAl DATA 

Westenberg and de Haos 1969 
Wong and Potter 1967 
Cadle and Allen 1965 
Brown and Thrush 1967 
froben 1968 
Dean and Kistlakowski 1971 
Basevich and Kogarko 1966 
Basevich and Kogarko (b) 1966 
Azotyon and flllppov 1960 
Roth and Just 1977 
Roth and Just (b) 1977 

Westenberg and de Haas 1967 
Brabbs and Brokaw 1975 
telder and F"ontijn 1979 
Klemm et 01 1981 
!"clder and r:"antljn 10S1 

Sutherland et 01 1986 
Borassin and Combourieu 1974 
Show - theor. 1978 
Wagner et 01.- thear. 1986 
Ui .. h,.,.1 .t ,.,1 _ th .. nr 1 QR:'I 

Cohen and Westberg - theor. 1986 

This Recommendation 1989 

o 

3.0 3.5 
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o + CHO -+ OH + CO (1) 
-+ H + CO2 (2) 

Thermodynamic Data 
!J.Ir298 (1) = -364 kJ mol- 1 

asc298 (1) = -4.32 J K- 1mol- 1 

~(1) == 11).7 T-O•482 exp( + 43600/T) 

!J.Ir298 (2) = - 468 kJ mol-1 

asc298 (2) = -57.1 J K-1mol- 1 

~(2) = 8.76-10-6 'r'61J6 exp( + 56600IT) 

Rate Coefficient Data (k = k1 + k2) 

Rate Coefficient Measurements 
kl = 5-10- 11 

kll k = 0.8 
k21 kl = 0.73 
k'1,/ k = 0.46 
k _ 2.1'10-10 

kll k = 0.4 

Rt!'viewa anti Evaluations 
kl = 5.10-11 

kz == 5.10-11 

kl == 5.10-11 

k2 Att 5.10- 11 

Comments 

T[K] 

1000-1700 
300 
298 
300 
297 
425 

300-2000 
300-2000 
300-2500 
3M-25m 

( a) Modelling study of rich and lean acetylene flames at 
low pressures; species profiles by gas chromatography 
and by absorption measurements (OH, CH, and C2). 

(b) Discharge-flow system, C~ + 0 reaction; time-of
flight mass spectrometry. 

( c) Fast flow system; 0 atoms generated by microwave 
discharge. [0] monitored by ESR, [C02] by mass 
spectrometry. 

(d) Discharge-flow system; reaction CH20 + 0 studied. 
Products analysed by gas chromatography, [0] and 
[H] by ESR. 

(e) Fast flow reactor; C21L + 0 system free of 02; pho
toionisation mass spectrometry. k derived from the 
rate of approach of [CHO] to its steady-state value. 

(t) Stirred flow reactor; O/.H2I'Nz or Ar system with vari
ous amounts of CO added. [0] monitored by CO + 
o chemiluminescence. 

Preferred Values 

kl = 5-10-11 cm3 molecule-1 S-1 over range 300-2500 K 
k2 = 5-10-11 cm3 molecule-1 

S-1 over range 300-2500 K 

J. Phya. Cham. Raf. Data, Vol. 21, No.3, 1992 

Reference 

Browne et al. (1969)1 
Nikit Daby, and Weinstock (1969)2 
Westenberg and deHaas (1972)3 
Mack and Thrush (1973)4 
Wasbida, Martinez, and Bayes (1974)' 
Campbell and Handy (1978)6 

Wamatz (1984)' 

Tsang and Hampson (1986)8 

Reliability 
Alog kl = ± 0.3 over range 300-2500 K 
Alog k2 = ± 0.3 over range 300-2500 K 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

The recommendations of Wamatz7 and Tsang and 
Hampson8 are adopted. 

References 

tW. G. Brownet R. P. Porter, J. D. Verlin, and A. H. Clark, 12th Symp. 
(Int.) Combust.,1035 (1969). 
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(1969). 
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"0. P. R. Mack and B. A. Thrusb, I. Cbem. Soc., Faraday Trans. I, ", 
208 (1973). 

sN. Wasbida, R. I. Martinez, and K. D. Bayes, Z. Naturforscb. Al', 251 
(1974). 

61. M. Campbell and B. I. Handy, I. Chem. Soc., Faraday Trans. 1,74, 
316 (1978). 

7J. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer. 
Verlag. New York (1984). 

SW. Tsang and R. F. Hampson, I. Phys. Cbem. Ref. Data IS, 1087 
(1986). 
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o + HCHO -+ OH + CHO 

Thennodynamic Data 
Mr298 = -50.8 kJ mol- 1 

~298 = 28.6 J K- 1mol-1 

K,. = 6.88·1()2 T-0.315 exp( + 58101T) 

Rate Coefficient Data 

Rate Coefficient Measurements 
1.5'10- 13 

1.6010- 13 

1.0010- 10 

1.5.10- 13 

8.3,10- 11 exp( - 2300IT) 
2.8'10- 11 exp( -1525/T) 
3.8,10-11 exp( -1583/T) 
3.0010- 11 exp( -1554IT) 

Reviews uruJ Evuluutions 
5.8,10- 11 exp( -1768IT) 
3.0010- 11 exp( -1550IT) 
3.0010- 11 exp( -1550IT) 

Comments 

T[K] 

300 
298 

1400-2200 
300 

1875-2240 
250-498 
296-437 
298-748 

300-2500 
298-750 
250-750 

(a) Room temperature study using discharge flow of Arl 
O2 or Nu'NO. Mass spectrometric detection of 
reagents and products. [0] determined by titration. 

(b) Room temperature discharge flow study of 0 + 
C2IL. Value of k concluded from mass spectrometric 
detection of product time profiles. 

(c) CO/Ar/02 mixtures investigated in incident shock 
. waves. Time profiles for CO and product CO2 used 

for computer fitting of 4 variable rate constants. Not 
a true determination of k. 

(d) Room temperature study using discharge flow of N2I 
NO. [0] determined by titration and ESR. 

(e) CILI021 Ar mixtures investigated in incident shock 
waves. k determined from computer fitting. 

(f) Flash photolysis; resonance fluorescence detection of 
o atoms. 

(g) Discharge flow: mass spectrometric detection of 0 
atoms. 

(h) Discharge flow; resonance fluorescence detection of 
o atoms. 

(i) Uses high temperature data of Howman5 and low tem
perature data as cited on this sheet. 

(j) Based on the results of Klemm6
, Chang and Barker', 

and Klemm et al.8
• 

(k) Accepts the NASA evaluation lO
• 

Preferred Values 

k = 6.85-10 -13 ro.s, exp( -1390IT) cm3 molecule -1 S-1 

over range 250-2200 K 

Reference Comments 

Herron and Penzhorn (1969)1 
Niki et al. (1968)2 
Izod ft al. (1971)3 
Mack and Thrush (1973t 
Bowman (1975)5 
Klemm (1979)" 
Chang and Barker (1979)' 
Klemm et al. (1980)8 

Warnatz (1984)9 
NASA (1985)10 
Tsang and Hampson (1986)11 

Reliability 

(a) 
(b) 
(e) 
(d) 
(e) 
(f) 
(g) 
(h) 

(i) 
(j) 
(k) 

~log k = ± 0.3 at 2000 K reducing to ± 0.1 at 298 K 

Comments on Pre/erred Values 
The preferred values are based on the low temperature 

data which are all in good agreement, and on the higher 
temperature value of Bowmans. The earlier high temper
ature values of Izod et al.3 exceed the preferred values by 
factors of 3.4 and 6.3 at 2200 and 1400 K respectively . 
These results are considered unreliable, however, since 
they were inferred from the computer modelling of 
reagent and product time dependences using an assumed 
chemical model. Three other rate coefficients were 
simultaneously determined, and the derived k values nec
essarily depend on other rate constants in the model. 
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12J. Peeters and G. Mahnen, 14th Symp. (Int.) Combust., 133 (1973). 
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o + HCHO -+ OH + CHO 
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o + CH30 ~ O2 + CH3 (1) 
~ OH + HCHO (2) 

Thennodynamic Data 
Mrm (I) = -119.6 kJ moI-l 
aso298 (1) = 9.6 J K-1mol- 1 

K,,(I) = 88.8 T- 404 exp( + 14100IT) 

4ffl98 (2) = - 342 kJ mol- 1 

.A,SOm (2) 12.8 J K-1mol- 1 

K,,(2} = 3.84·1()2 T-O.s83 exp( +40900/T) 

Rate Coefficient Data (k = k1 + ka) 

k [cm3 molecule- 1 S-I] T[K] 

Rate Coefficient Measurements 
2.5,10- 11 298 
k21 k = 0.12 298 

Reviews and Evaluations 
UHO- ll 300-2500 

Comments 

(a) Laser photolysis of CH30NO/03INz mixtures at 248 
nm; CH30 detected by LIF in presence of excess O. 

(b) Estimate with uncertainty of a factor of 5 quoted. 

Preferred Values 

k = 2.5'10- 11 cm3 molecule- 1 S-1 over range 300-1000 K 
k2 /k = 0.12 at 298 K 

Reliability 
alog k- = ± 0.7 at 1000 K reducing to ± 0.3 at 300 K 
akz/k = ± 0.1 at 298 K 

Comments on Preferred Values 
The recent direct measurement of this rate constant 

confirms that this highly exothermic reaction occurs 

Reference Comments 

Ewig. Rhiisa and Zellner (1987)1 (a) 

Tsang and Hampson (1986)2 (b) 

rapidly, as predicted. The recommended value is based 
on the single experimental measurement at 298 K with an 
assumed zero temperature dependence. The branching 
ratio measured in recent work of Zellner and co-workers! 
at room temperature is also recommended. CH30 is un
stable at high temperatures prevalent in most combustion 
systems. 

References 

IF. Ewig, D. D. Rhasa, and R. Zellner, Ber. Bunsenges. Phys. Chern. 91, 
708 (1987). 

2W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data, IS, 1087 
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o + CN ~ CO + N(4S) (1) 
~ CO + N(2D) (2) 

Thermodynamic Data 
Al:f'::m (1) = -322 kJ mol-1 

~::m (1) = -12.8 J K-lmoJ-l 
Kp(l) = 0.361 T-o.OT1 exp( + 38700fT) 

Ml'i98 (2) = - 92kJ mol- l 

~::m (2) = 1.1 J K-l mol- 1 

Kp(2) = 1.92 T-O•OT1 exp( + 1l036fT) 

Rate Coefficient Data (k = k1 + k2) 

Rate Coefficient Measurements 
8.0<10- 12 

3.0<10- 11 

Reviews and Evaluations 
1.7-10- 11 

1.7,10- 11 

Comments 

T[K] 

1500 
2000 

298 
298 

(a) Shock tube study on C2H2INO/02 mixtures. Gas chro
matographic analysis of products. Computer fit of re
sults to reaction mechanism. 

(b) Shock tube study of (CN}zlOzlAr mixtures. [eN] mon
itored by absorption at 388 nm. Computer fit of results 
to reaction mechanism. 

( c) All data reviewed, recommendation made for low 
temperatures only. 

(d) Low temperature data only. 

Preferred Values 

k·= 1.7,10-11 cm3 molecule-1 S-1 over range 300-5000 K 

Reliability 
l1log k = ± 0.2 at 298 K rising to ± 0.6 at 5000 K 

Comments on Preferred Values 
All measurements up to 19783 and low temperature re

sults up to 19844 have been reviewed. Only recent results 
not considered there are tabulated here. 

At low temperatures there is good agreement among 
the data from Refs. 8-12. At higher temperatures there 
are two recent shock tube studies!,2 in fair agreement and 
compatible with the low temperature results if the tem
perature coefficient of the rate constant is very small. The 
preferred values are based on the results of Louge and 

J. Phya. Cham. Ref. Data, Vol. 21, No.3, 1992 

Reference 

Shaub and Bauer (1978)1 
Louge and Hanson (1984)2 

Daull;;h etul. (1981)~ 
CODATA (1984)4 

Comments 

(a) 
(b) 

(\;) 
(d) 

Hanson2 and Shaub and Bauer! at high temperatures, Bo
den and Thrush6 between 570 and 687 K, and Refs. 8-12 
at low temperatures. 

Schmatjko and Wolfrumll,12 have reported a branching 
ratio ktl k2 = 0.8 ± 0.1 at 298 K. 
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2M. Y. Louge and R. K. Hanson, Int. 1. Chem. Kin. 16,231 (1984). 
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4CODATA Task Group on Chemical Kinetics, D. L. Baulch, R. A. Cox, 
P. J. Crutzen, R. F. Hampson, J. A. Kerr, J. Troe, and R. T. Watson, 
J. Phys. Chem. Ref. Data 13, 1259 (1984). 

5D. W. Setzer and B. A. Thrush, Proc. Roy. Soc. Al88, 275 (1965). 
til. C. Boden and B. A. Thrush, Proc. Roy. Soc. A305, 107 (1968). 
7K. von Reinhardt, H. Gg. Wagner, and J. Wolfrum, Ber. Bunsenges. 

Phys. Chem. 73. 638 (1969). 
sH. von Schacke and J. Wolfrum. Ber. Bunsenges. Phys. Chem. 76.111 

(1972). 
9Ji. von Schacke and 1. Wolfrum, Ber. Bunsenges. Phys. Chern. 77,248 
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lllE. A. Albers, K. Hoyermann, H. von Schacke, K. J. Schmatjko, H. Gg. 
Wagner, and J. Wolfrum, 15th Symp. (Int.) Combust., 765 (1975). 

uK. J. Schmatjko and J. Wolfrum, Ber. Bunsenges. Phys. Chem. 82,419 
(1978). 

12K. 1. Schmatjko and J. Wolfrum, 16th Symp. (Int.) Combust., 819 
(1977). 
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o + eN ~ co + N(4S) (1) 
~ co + NfC) (2) 

T/K 
2000 1000 500 400 300 

x 

o 

b 

......... + ... 

EXPERIMENTAL DATA 

o Setser and Thrush 1965 
Boden and Thrush 1968 

6. Reinhardt et al 1969 
• !3<;hg<;ko gnd Wolf,um 1972 

o Schacke and Wolfrum 1973 
------- Albers et 01 1975 
••••••••••••••••••• Shaub 1976 

& Schmatjko and Wolfr ... m 1977 
e Schmatjko and Wolfrum 1978 
+ Shoub and Bauer 1978 
X Louge and Hanson 1984 

This Recommendation 1989 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

1 03T-1 /K- 1 
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o + NCO -+ NO + CO (1) 
-+ O2 + CN (2) 

Thennodynamic Data 
~98 (1) = -429 kJ mol- 1 

M"298 (1) = 15.1 J K-1mol-1 

~(1) = 9.66·1()3 T-l.07 exp( + 51200IT) 

~'J8 (2) = 26.6 kJ mol- 1 

,AS0298 (2) = 14.5 J K- 1mol-1 

~(2) = 2.91·1()3 T- O•915 exp( -3500/T) 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule- 1 S-I] T[K] 

Rate Coefficient Measurements 
3.32'10-11 1500 
1.66-10-12 1500 
1.66.10-11 1700 
6.61.10- 11 1450-2600 
9.34.10-11 1450 
kl = 5.25'10- 11 1680-2250 

Comments 

(a) Flame study of H2iN:z/O:z/C2N2 mixtures. Analysis of 
. products by quadrupole mass spectrometry. k derived 

from computer fit of data to assumed reaction mech
anism. 

(b) Computer modelling of system previously studied ex
perimentally1. Improved data and extended mecha
nism used. 

(c) Shock tube study of C2N-JO-JAr mixtures. Induction 
times measured. Results fitted by computer mod
elling of 15 reaction mechanism. Only approximate 
value of k obtained. 

(d) Shock tube study of HCN/OJN02 mixtures. Induction 
times measured. Ultraviolet emission at 306 nm due 
to OH and infrared emission at 5.34 "",m, mainly due 
to NO with some contribution from HCN and H20, 
monitored as a function of time. 

(e) Shock tube study of C2N2I'OJN20. [NCO] monitored 
as a function of time hy ahsorption spectroscopy at 
440.5 nm. 

(f) Shock tube study of BrCN/02l'Ar mixtures. [NO] mon
itored as a function of time by infrared emission spec
troscopy. 

Preferred Values 

k = 7.D-I0- 11 cm3 molecule-1 S-l over range 1450-2600 K 

Reliability 
~log k = ± 0.8 over range 1450--2600 K 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Mulvihill and Phillips (1975)1 (a) 
Phillips (1976)2 (b) 
Lifshitz and Frenklach (1980)3 (c) 
Hisashihara, Saito, and Murakami (1983)4 (d) 
Louge and Hanson (1984)5 (e) 
Higashihara et al. (1985)6 (f) 

Comments on Preferred Values 
All of the existing data result from computer simula

tion of experimental measurements. In many cases the fit 
is not very sensitive to the value of k. The recommenda
tion is based on the work of Louge and Hansons and Hi
gashihara et ale 6, who have made the most direct studies. 
Both were shock tube measurements but in one [NCO] 
was monitored and in the other [NO]. The error limits 
are large, reflecting the difficulty of studying this reaction 
in isolation at high temperatures, but the agreement be
tween the studies is good and they are in accord with the 
other values available1

,3,4. 

Comparison of the results of Louge and Hansons, mea
suring k, and those of Higashihara et al., measuring kt, 
suggest that channel (1) is dominant at temperatures in 
the range 1450-2600 K, but the data are too imprecise to 
recommend a branching ratio. 

References 

IJ. N. Mulvihill and L. F. Phillips, 15th Symp. (Int.) Combust., 1113 
(1975). 

2L. F. Phillips. Comb. Flame 26.379 (1976). 
3A. Lifshitz and M. Frenklach, Int. J. Chem. Kin. 12, 159 (1980). 
"T. Higashihara, K. Saito, and I. Murakami, J. Phys. Chem. 87, 3702 

(1983). 
SM. Y. Louge and R. K. Hanson. 19th Symp. (lnt.) Combust.. 665 

(1984). 
"T. Higashihara, H. Kuroda, K. Saito, and I. Murakami, Comb. Flame 
61, 167 (1985). 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 455 

o + HeN -+ NCO + H (1) 
-+ CO + NH (2) 
-+ OH + CN (3) 

Thennodynamic Data (See Comments on Preferred Values) 
!J.H""m (1) = -7.0 kJ mol- 1 

~298 (1) = -16.0 J K-1mol- 1 

K;,(l) ;: 3.82,10-3 T°.546 exp( + 995/T) 

!J.H""m (3) 89.8 kJ mol- 1 

~29!l (3) = 23.5 J K-1mol- 1 

Kp(3) 3.35·1()3 T-O.744 exp( -11100/T) 

AHi98 (2) = -138 kJ mol- 1 

~298 (2) = 16.0 J K -lmol- 1 

K;,(2) = 1.34·1()3 r-O.747 exp( + 16300/T) 

Rate Coefficient Data (k = k1 + k2 + k3) 

k[cw:t JIlolecuie- 1 15- 1] T[K] 

Rate Coefficient Measurements 
8.6,10- 12 exp( - 409O/T) 450-650 
1.94-10- 10 exp(-7460IT) 1800-2500 
kl = 1.21·10-10exp(-7460/T) 
9.8,10- 12 exp( -4000/T) 574-840 
kl ;: 8.3'10- 13 1440 
kz. = 3.7-10- 11 exp( -7740/T) 1800 2600 
k3 < 8.3,10- 11 exp( -llOOO/T) 2000--2500 

Comments 

(a) Discharge flow study. 0 atoms generated by N + NO 
and [0] monitored by NO + 0 chemiluminescence. 
Stoichiometry of 2.0 ± 0.4 for 0 removal interpreted 
as due to 0 + HCN --+ NCO + H,O + NCO --+ 

NO + CO, but possibility of contribution from other 
channels recognized. 

(b) Shock tube measurements on HCN/N20f Ar mixtures. 
[H] and [0] monitored by absorption at 121.6 nm and 
130.5 nm, respectively. 

(c) Laser pulse photolysis of 02, NO, or N20 at 157 nm 
to produce 0 atoms. HCN in large excess. [0] moni
tored by NO + 0 chemiluminescence at 514.5 nm 
and [NCO] monitored by laser induced fluorescence 
at 416.81 nm. [NCO] measurements confirm channel 
(1) to be a major route over temperature ran,ge 
studied. Theoretical calculations suggest the follow
ingkl = 3.3-10-16 T 1

•
47 exp( -3750fT) cm3 molecule- 1 

S-I, k2 = 9.0-10- 16 T1.21 exp( - 3800/T) cm3 

molecule -1 S-1, k3 = 4.5-10- 15 T 1
.58 exp( -13300IT) 

cm3 molecule-1 S-I, and k = 9.8,10-12 exp( -4000 ± 
600fT) cm3 molecule -1 s -lover the range 540-900 K. 

(d) Shock tube measurements on HCN/02iN20fAr mix
tures. [NCO] monitored as a function of time by laser 
absorption at 440.479 nm. kdk(O + C2N2) = 2.4!ij:; 
obtained from computer fit. k (0 + C~2) 
7.47-10- 12 exp( -440fT) em3 molecule-1s-1 used6 to 
obtain k1• 

(e) Shock tube measurements on HCN/N20f Ar mixtures. 
[CN] and [NH] monitored as a function of time byab
sorption at 388 nm and 336 nm respectively. Com
puter fit of assumed mechanism (37 reactions). 

Reference Commcnt!) 

Davies and Thrush (1968)1 (a) 
Roth, Loh.-, and Hermanns (1980)2 (b) 

Perry and Melius (1985)3 (e) 
Louge and Hanson (1985)4 (d) 
Szekely, Hanson. and Bowman (1985)5 (c) 

Preferred Values 

k = 2.3-10- 18 T 2•1 exp( -3075IT) cm3 molecule- 1 S-1 over 
range 450-2500 K 

Branching ratios: see Comments on Preferred Values 

Reliability 
Alog k = ± 0.2 at 450 K rising to ± 0.3 at 2500 K 

Comments on Preferred Values 
This reaction is particularly important in the conver

sion of fuel nitrogen to nitric oxide in combustion pro
cesses. It may proceed by direct abstraction (channel (3» 
or by formation of an adduct which can isomerize amI/or 
decompose (channels (1) and (2». 

The overall rate constant is reasonably well-defined 
over a wide temperature range, all of the experimental 
studies being in good agreement. The preferred values 
are based on all of these studies. 

Experimental work and theoretical calculations3,6 are 
in agreement that channel (1) predominates over the 
whole temperature range with channel (3) being negligi
ble at low temperatures and becoming significant at high 
temperatures. There are insufficient experimental data to 
make recommendations for kh k2' and k3• The theoreti
cally derived branching ratios of Perry and Melius3 agree 
well with the experimental data for kl and k2 and probably 
offer the best available guide for these quantities, but 
there is some discrepancy between theory and experi
ment for k33,s. 

The thermodynamic data for channel (2) should be 
used with caution. There are significant uncertainties as
sociated with the data on NH. 

J. PhY8. Chem. Ref. Data. Vol. 21. No.3. 1992 
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o + CH300H -+ OH + CH300 (1) 
-+ OH + CH200H (2) 

Thennodynamic Data 
Mrm (1) = -61.0 kJ mol- 1 

Comment 
There are no experimental data for the reaction of 

Oep) with CH300H. The rate constant for the reaction 
of OH with CH300H is equal to that for OH + HCHO, 
and since relative reactivities of 0 and OH towards H ab
straction are similar, the overall expression for k (= kl + 
k2) is the same as for 0 + HeHO i.e. k = 6.85-10- 13 ro.s7 

MI!9s (2) = -16.0 kJ mol-1 

exp( -1390/T) cm3 molecule -1 s -lover the range 300-
1000 K. Comparison with the rate constant for the reac
tion 0 + H20 2 ~ OH + H02 indicates that abstraction 
of the peroxidic H is slower and provisionally it is sug
gested that channel (2) is dominant. 

o + C2 H -+ CH + CO 

Thermodynamic Data 
AlJOZ98 = - 326 kJ mol-1 

M"298 = 12.1 J K-lmol-l 
Kp = 3.67·1()2 T-O.645 exp(39000 IT) 

Rate Coefficient Data 

Rate Coefficient Measurements 
2.4,10- 11 exp( -1585IT) 
"'" 1.7.10-11 

"'" 1.2.10-12 

Reviews and Evaluations 
1.7'10-11 

3.0010-11 

Comments 

T[K] 

1400-2600 
298 
298 

300-2500 
300-2500 

(a) Shock heating of C2H1i01i Ar mixtures; final product 
concentrations from gas chromatography. Numerical 
modelling of 17 reaction mechanism, k adjusted to 
give best fit to experimental results. 

(b) Discharge-flow system; C2H2IO system with and with
out added H. [C3~], [C4H2], and [CH20] by mass 
spectrometry. Numerical modelling of 27 reaction 
mechanism; reaction plays only a minor role. 

( c) Discharge-flow reactor; C2H:zIHIO system. Measure
ment of CH (A2A-X2II) and C2(d3II,-A3IIu) chemilu
minescence at 431.4 nm and 516.5 nm and the 
quasi-continuous CzH* radiation. Numerical mod
elling of 37 reaction mechanism. Rate coefficient 
given for formation of CH(AZA). 

Preferred Values 

k = 1.7-10- 11 cm3 molecule- 1 S-1 over range 300-2500 K 

Reliability 
Alog k = ± 1.0 over range 300-2500 K 

d. Phys. Chem. Ret. Data, Vol. 21 ,No.3, 1992 

Reference 

Shaub and Bauer (1978)1 
Homann and Schweinfurth (1981)2 
Grebe and Homann (1982)3 

Warnatz (1984)4 
Tsang and Hampson (1986)5 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

The high value of Homann and Schweinfurth2 is 
adopted as the recommendation because of its agreement 
with the high temperature value of Shaub and Bauerl and 
the fact that only the path to excited eH has been consid
ered in the work of Grebe and Homann3

• 

References 
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4J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
5W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
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o + C2H2 ~ 3CH2 + CO (1) 
~ H + C2HO (2) 

Thermodynamic Data 
Mr298 (1) ..., -200 kJ mol- 1 

AS"298 (1) = 31.2 J K-lmol-l 
~(1) 7.31-1OS T-l.40 exp( + 23500/T) 

AIr2')8 (2) = -80.4 kJ mol- 1 

M"'m (2) ;:: 6.9 J K -lmol-l 
1(,. (2) 1.17 ro·l5 exp( + 9600/T) 

Rate Coefficient Data (k = k1 + k2) 

k [em3 molecule-1 S-I] T[K] 

Rate Coefficient Measurements 
3.3-10- 11 exp( -1600/T) 230-450 
2.0010- 11 exp( -1500/T) 243-673 

kz/k = 0.42 404 
8.6-10- 11 exp( -1860/T) 1200-1700 
kllk ;:: 0.95 298 
kik <: 0.03 
1.2.10-13 297 
1.1-10-10 exp( -2000/T) 700-1430 

kl 2.0010-10 exp( -3300/T) 1500-2570 
kl = 7.2,10- 10 exp( -6100/T) 

3-10- 11 exp( -1620fT) 298-608 
kik = 0.5 exp( - 660/T) 
2.7'10- 11 exp( -1550IT) 300-1300 
kz/k = 0.5 1000 
kik 0.6 287,535 

kl == 2.7-10- 10 exp( -4975/T) 1500-2500 
k2 = 6.6-10- 10 exp( -5365/T) 
1.1-10-19 T26 exp( -330IT) 290-1510 
kik = 0.8 287 
6.6-10- 11 exp( -1900fT) 370-876 

Reviews and Evaluations 
kl = 6.8-10- 16 TlS exp( -850IT) 300-2500 
kl "" 7.2'10- 10 exp( -6100/T) 1000-2500 
2.9-10- 11 exp( -l600/T) 200-450 
2.9-10- 11 exp( -l600/T) 200-700 
2.7-10- 11 exp( -1550/T) 250-1300 
kl = 3.5'1012 T 1•S exp( -850fT) 300-2500 
k2 = 1.5,10-11 exp( -2300fT) 300-600 

= 7.0010-10 exp( -6100/T) 1000-2500 

Comments 

( a) Discharge flow with ESR detection. Stoichiometry of 
2 oxygen atoms consumed for each reaction with 
C2H2 determined from combined ESR/mass spec
trometry experiments. 

(b) Discharge flow with detection by ESR and mass spec
trometry. 

(c) Applies to 0 + C~2. 0 generated from Hg photo
sensitized decomposition of N20. D yield determined 
from HD produced by scavenging with H2. HD mea
sured relative to N2. 

(d) Ethylene flame study using molecular beam sampling 
and mass spectrometry to determine molecular flux 
gradients. 

Reference Comments 

Westenberg and de Haas (1969)1 (a) 
Hoyermann, Wagner, 

and Wolfrum (1969}~ (b) 
Williamson (1971)3 (e) 
Peeters and Mahnen (1973t (d) 
Blumenberg, Hoyermann, 

and Sievert (1976)5 (e) 
Westenberg and de Haas (1977)6 (f) 
Vandooren and 

Van Tiggelen (1977Y (g) 
LOhr and Roth (1981)8 (h) 

Aleksandrov, Arutyunov, 
and Kozlov (1981)9 (i) 

Homann and Wellmann (1983)10 (j) 
Homann and Wellmann (1983)11 (j) 
Peeters, Schaeker, 

and Vinckier (1986)ll (k) 
Frank, Bhaskaran, and Just (1986)13 (I) 

Mahmud and Fontijn (1987)14 (m) 
Peeters et al. (1987)15 (n) 
Russell et al. (1988)16 (0) 

Wamatz (1984)17 (p) 

NASA (1985)18 (q) 
Tsang and Hampson (1986)19 (r) 
Cvetanovk (1987)'° (8) 

(e) Mass spectrometric detection from a laval nozzle re
actor. Ratios based on H, CO, and C2H2 signals al
though CH2 and CHCO were also obselVed. 

(f) Flash photolysis, resonance fluorescence. 0 generated 
from photolysis of O2. 

(g) Acetylene flame study using molecular beam sam
pling and mass spectrometry. 

(h) Reflected shockwave in N20/C2H:z/Ar. 0 and If mon-
itored by atomic resonance absorption sper 'letry. 

(i) 0 generated by discharge through N20, ace - ~rl-
mitted through movable nozzle. Hand 0 dett;",o.- ,} 
resonance fluorescence, absolute calibration being 
achieved via equilibrium concentrations of Hand 0 
in Hz and Oz at 1300-1500 K. k determined from de
cay of 0 signal, k:z/k from the absolute H signal. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 
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G) Discharge flow (0/C2H:z/He), nozzle beam sampling 
with mass spectrometric detection. 

(k) Flow reactor, 0 generated by discharge through 02, 
molecular beam sampling with mass spectrometric 
detection. 

(1) Reflected shock wave study on N20/C2Hz/Ar. 0, H, 
and CO detected by resonance absorption spec
trometry. Channel (2) was essential if the initial 
shape of the H profile was to be reproduced. 

(m) Flash photolysis, resonance fluorescence. 0 gener
ated from photolysis of 02 or C02. 

(n) Flow reactor, 0 and H generated by discharge. kz/k 
determined from the dependence of the CH2 signal 
on [H]I[O], based on secondary generation of CH2 via 
H + HCCO. 

(0) Laser flash photolysis, photoionisation mass spec
trometry. 0 generated from photolysis of S02, C2H2 
from photolysis of C:zH3Br. 

(p) Eva1uation, ha~ed on the low temperature data sum
marised by Cvetanovic20 and the high temperature 
data of Peeters and Mahnen4

, Vandooren and Van 
Tiggelen7, LOhr and RothS, and Homann and Well
mannlO

• k2 based on data of LOhr and RothlS and 
Homann and Wellmannll

• 

(q) NASA panel evaluation based on low temperature 
data over the period 1965-1981. 

(r) Accepted the NASA evaluation but extended range. 
(s) Low temperature evaluation of data prior to 1986. 

Cvetanovic selected a dependence close to that of 
Homann and Wellmannll

• 

Preferred Values 

k = 3.6-10-20 T2.8 exp( - 250fT} cm3 molecule- 1 S-1 over 
range 300-2500 K 

k2 f k = 0.5 over range 300-2500 K 

Reliability 
410g k = ± 0.2 
4(k21 k) = ± 0.3 

Comments on Preferred Values 
(i) Overall rate constant 

J. Phy •• Chem. Ref. Data, Vol. 21, No.3, 1992 

The recommended rate coefficient is that proposed 
by Mahmud and Fontijn14 from a fit to their own data and 
that published earlier. There is generally good agreement 
between the data sets although, especially in the interme
diate temperature range, the discrepancies between dif
ferent sets of direct measurements are surprisingly large. 
We have, accordingly, increased the uncertainty limits be
yond the ± 35% value suggested by Mahmud and 
Fontijn. 

(ii) Channel efficiencies 
While it is difficult to recommend precise channel 

efficiencies, there is clear evidence that both channels are 
significant. 
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18NASA evaluation No.7, JPL Publication 85-37 July 1985. 
lCJyj. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 

(1986). 
2OR. J. Cvetanovic, J. Phys. Chem. Ref. Data 16, 261 (1987). 
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2000 1000 

o + C2H2 ~ CH2 + CO (1) 
~ H + C2HO (2) 

T/K 
500 400 300 

EXPERIMENTAl DATA 

Peeters and Mohnen 1973 
- - - - - - - Vondooren and Von TIggelen 1977 
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-'''_'''_00'- Mahmud and Fanti;n 1987 
_._.-._._.- Ru ••• II.t 01 1088 

- •• - •• _ •• - • • • Westenberg and DeHaas 1969 
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o + C2H3 -+ H + CH2CO (1) 
-+ CH3 + CO (2) 

Thermodynamic Data 
!JIi98 (1) .. -369 kJ mol- 1 

4S'298 (1) = -36.1 J K-lmol-l 
~(1) 7.9,10-5 ro·816 exp( + 44600/T) 

!JIi98 (2) == - 500 kJ mol- 1 

4S'298 (2) = -0.87 J K-1mol-1 

~(2) = 1.1001()2 T-O
•
636 exp( + 59800/T) 

Rate Coefficient Data (k = k1 + k2) 

k [em3 molecule- 1 8- 1] T[K] 

Rate Coefficient Measurements 
3.3-10- 11 298 
5'10- 11 =200 

(see comments) 

Reviews and Evaluations 
k = 5.0010- 11 300-2000 
k = 1.6-10- 10 

Comments 

(a) Discharge flow - mass spectrometric detection study 
of 0 + C2H2 with and without added H. k was one 
of several rate coefficients determined by fitting a nu
merical model. The products were assumed to be 
H + CH2 + CO. 

(b) Low pressure (0.3-4 mbar) measurements in a laval 
nozzle reactor using mass-spectrometric detection. 
The rate coefficient was measured relative to that for 
o + (CH3)3C which in turn had been measured rel
ative to that for 0 + CH3• A value of 1.2.10-10 cm3 

molecule -1 s -1 was assumed for k (CH3 + 0), in 
good agreement with the value recommended in this 
evaluation (1.4'10- 10 em3 molecule- I S-I). Both prod
ucts of channel (2) were detected and CH2CO was 
also found showing that channel (1) also operates. It 
was not possible to determine a branching ratio. The 
authors commented that it is difficult to determine 
the temperature in the laval nozzle reactor, but a 
value of = 200 K seems appropriate. 

(c) Based on Ref. 1 and a preliminary, private communi
cation from the author!; of Ref. 2. 

(d) Estimated by comparison with 0 + CH3• 

Reference Comments 

Homann and Schweinfurth (1981)1 (a) 
Heinemann et al. (1986)2 (b) 

Warnatz (1984)3 (c) 
Tsang and Hampson (1986t (d) 

Preferred Values 

k = 5.0'10-11 ~m] lIlule~ule-l S-l uver range 300-2000 K 

Reliability 
tl.1og k = ± 0.5 over the whole range 

Comments on Pre/erred Values 
The value determined by Heinemann et al.2 is pre

ferred, because of the more direct nature of their exper
imental technique; large error limits have been assigned 
pending confirmatory measurements. 

References 

IK. H. Homann and H. Schweinfurth, Ber. Bunsenges. Phys. Chern. 85, 
569 (1981). 

2P. Heinemann, R. Hofmann~Sievert. and K. Hoyermann, 21st Symp. 
(Int.) Combust., 865 (1986). 

:JJ. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner Jr., 
Springer-Verlag, New York (1984). 

4W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 
(1986). 
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o + C2H4 ~ CH2CHO + H (1) 
~ CHO + CH3 (2) 
~ HCHO + CH2 (3) 
~ CH2CO + Ha (4) 

Thennodynamic Data 
A1r298 (1) :;;: -58.5 kJ mol- 1 

4.5"298 (1) = 2.3 J K-1mol- 1 

Kp(l) = 0.127 TO.415 exp( +7030IT) 

A1r298 (2) -112 kJ mol- 1 

4.5"298 (2) :;;: 38.5 J K- 1mol- 1 

Kp(2) 4.5'10" T-O.114 exp( + 13100/T) 

Mr298 (3) .. -30.5kJ mol-1 

4S'298 (3) :;;: 33.9 J K-1mol- 1 

](,,(3) = 6.08·10" T-O.948 exp( + 3210fT) 

Mr298 (4) = -353.0 kJ mol- 1 

4.5"298 (4) = -7.73 J K- 1mol- 1 

](,,(4) = 0.369 T0 143 exp( + 42280IT) 

Rate Coefficient Data (k = k, + k2 + k3 + k4 ) 

k[em3 molecule- 1 8- 1] T[K] 

Rate Coefficient Measurements 
6.73'10- 13 298 
2.42-10- 12 jj2 

4.61-10- 12 736 
8.43-10- 12 exp( -757/T) 197-372 
kIlk = 0.27 300 
kllk = 0.37 769 
k.Jkl = 1.2 298 
k.Jkl 6.0 
1.3-10-11 exp( -8lOIT) + 
11.9-10-9 exp( -6940IT) 290-1510 
1.02-10 -11 exp( - 7531T) + 
12.75-10-10 exp( -4220IT) 244-1052 

Reviews and Evaluations 
5.4-10-12 exp( -565IT) 200-500 
2.67'10- 15 T1.2 exp( -370IT) 300-2000 
2.2'10- 16 T 1.55 exp( -215fT) 230-940 
1.07,10- 11 exp( -SOOIT) 200-500 

Comments 

(a) Discharge flow-mass spectrometry with molecular 
beam sampling. Decay of C2H4 in large excess of O. 
Data in tab1e obtained at 2 Torr; no effect of pressure 
between 0.5-5 Torr was found at any of the three 
temperatures investigated. 

(b) Laser photolysis of NO to produce 0 which was mon
itored by 0 + NO chemiluminescence in excess 
CzH4. 

(c) Branching ratio for the H + CH2CHO product chan
nel determined from measured 11- and O-atom pro
files in this flash photolysis-resonance fluorescence 
study. Relative detector sensitivities for 0 and H de
termined, giving accurate value of k Jk. The branch
ing ratio increased slightly with temperature, based 
on measurements at 300, 515, 608, 677, and 769 K.. 

(d) Branching ratio determined from measurement of 
CHO (CDO) and CH2CHO (CDzCDO) yields using 
time-resolved microwave spectroscopy in pulsed Hg
photosensitised reaction of N 20/C2H4 mixtures. Pres
sure = 30 mTorr. 

(e) High temperature flash photolysis of CO2 to produce 
Oep); resonance fluorescence detection. Pressure 
60-500 Torr. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Fonderie et al. (1983)1 

Browarzik and Stuhl (1984)2 
Smalley et al. (1986)3 

Koda etai_ (1987)4 

Mahmud el al. (1987)5 

Klemm et ai_ (1987)6 

Herron and Huie (1973)7 
Warnatz (1984)8 
Tsang and Hampson (1986)9 
Cvetanovic (1987)10 

(a) 

(b) 
(e) 

(d) 

(e) 

(t) 

(g) 
(b) 
(i) 
(j) 

(t) Two techniques used: flash photolysis-resonance fluo
rescence (244-1052 K) and discharge flow-resonance 
fluorescence (298-1017 K). NO was used as pho
tolytic source of Oep) at T > 600 K to avoid prob
lems from secondary reactions involving 0:1,_ 

(g) Recommendation based mainly on results reported by 
Davis et al.ll • 

(h) Based on experimental data up to 1980, including 
high temperature data of Peeters and Mahnenus• 

(i) Fit to results of Davis et al.11
, Westenberg and de

HaaslZ for T < 500 K, Atkinson and Pitts13
, Singleton 

and Cvetanovict4, Atkinson and Pitts1S, Nicovich and 
Ravishankara16, and Perry17. Uncertainty of 20%. 

0) Considered 33 literature sources up to 1984_ Assumed 
linear Arrhenius plot up to 500 K. 

Preferred Values 

k = 5.75,10- 18 TU
)8 cm3 molecule- 1 8-1 over range 300-

2000 K 
kl / k = 0.35 at p ;?; 3 Torr and T ;?; 300 K 
kal k = 0.60 



EVALUA"rED KINETIC DATA FOR COMBUSTION MODELLING 465 

Reliability 
alog k = ± 0.1 for T < 1000 K increasing to ± 0.3 at 

2000 K 
MIlk = ± 0.05 
AkJk = ± 0.10 
AkJk = ± 0.10 

Comments on Preferred Values 
There is a large amount of data on this reaction which 

has been reviewed regularly. Only those recent data not 
presented by Cvetanovic1o are listed here. The recent di
rect studies at higher temperaturesl ,5,6,16,17 show clear non-
Arrhenius behaviour at temperatures > 500 K. The 
recent study of Browarzik and StuhJ2 extends the temper
ature range down to 197 K. All the data are in excellent 
agreement, within the stated experimental uncertainty. 
Both recent studies at temperatures > 1000 K suggest a 
biexponential representation of the overall k. The ex
pression given by Klemm et al.6 does not include the 
higher temperature data of Mahmud et al.s, but neverthe
less gives a good fit to all the data over the range 250-
1500 K. The preferred expressiun is derived by 
performing a 3 parameter A Tn exp(E IRT) fit to the 
curve generated from the expression of Klemm et al.over 
the range 250-1500 K. The exponential term was negligi
ble, the curve being accurately described by an ATn ex
pression. The results from Ref. 1 show that k is 
independent of pressure at T > 300 K. 

The recent determination of the branching ratio, kdk, 
confirms that H atom elimination is a major pathway in 
this reaction. Koda et al. 4 have rationalised these results, 
as well as their observed isotope effect, with a model in
volving unimolecular dissociation on a triplet biradical 
surface (channell) and a competitive triplet-to-singlet 
crossing. The small temperature effect may reflect an in
crease in rate of fragmentation of the initial adduct with 

increasing energy of the reactants, which is also consis
tent with the results of Buss et al.19 who found kllk = =:: 

1.0 at high kinetic energies of reactants in molecular 
beam experiments. The recommended values of the 
branching ratios are based on these studies. Earlier at
tempts to determine the branching ratios by mass spec
trometry appear to have given an erronous picture. 

References 

IV. Fonderie, D. Maes, and J. Peeters, Bull. Soc. Chim. Belg. 92, 641 
(1983). 
2R. Browarzik and F. Stuhl, J. Phys. Chem. 88, 6004 (1984). 
3J. F. Smalley, F. L. Nesbitt, and R. B. Klemm, J. Phys. Chern. 90, 491 
(1986). 
4S. Koda, Y. Endo, E. Hirota, and S. Tsuchiyo, J. Phys. Chem. 91,5840 
(1987). 
sK, Mahmud, P. Marshall, and A. Fontijn, J. Phys. Chem. 91, 1568 
(1987). 
tiR. B. Klemm, F. L. Nesbitt, E. G. Skolnik, J. H. Lee, and J. F. Smalley, 
J. Phys. Chern. 91, 1574 (1987). 
7J. T. Herron, R. E. Huie, J. Phys. Chern. Ref. Data 2, 467 (1973). 
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Verlag, New Yorlc (lQ84)_ 
'lVI. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 
lOR. J. Cvetanovic, J. Phys. Chern. Ref. Data 16261 (1987). 
llD. D. Davis, R. E. Huie, J. T. Herron, M. J. Kurylo, and W. Braun, 
J. Chern. Phys. 56, 4868 (1972). 
12N. deHaas and A. A. Westenberg, 12th Symp. (lnt.) Combust., 289 
(1969). 
DR. Atkinson and J. N. Pitts, Chern. Phys. Lett. 27, 467 (1974). 
14D. L. Singleton and R. J. Cvetanovic, J. Am. Chem. Soc. 98, 6812 
(1976). 
lSR. Atkinson and J. N. Pitts, J. Chern. Phys. 67, 38 (1977). 
16J. M. Nicovich and A. R. Ravishankara, 19th Symp. (Int.) Combust., 
23 (1982). 
17R. A. Perry, J. Chern. Phys. 80, 153 (1984). 
18J. Peeters and G. Mahnen, Combust. Inst. European Symp., Sheffield, 
England, 1, 53 (1973). 
19R. J. Buss, R. J. Baseman, G. He, and Y. T. Lee, J. Photochem. 17, 
389 (1981). 
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EXPERIMENTAl DATA 
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f' onderie et al 1983 
Peny 1984 
Browarzil< ond Stuhl 1984 
Mohmud et of 1987 
Klemm et of 1987 

Thl.. Rocommondgtlon 1969 
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o + C2Hs -+ CH3CHO + H (1) 
-+ HCHO + CH3 (2) 

Thennodynamic Data 
tJf'298 (1) = -314 kJ mol- 1 

4S"298 (1) = -34.2 J K- 1mol- 1 

~(1) = 1.30-10-4 ro·7SO exp( + 37900/T) 

AHiCJ8 (2) = - 337 kJ mol- 1 

4S"298 (2) = -0.07 J K-1mol- 1 

~(2) = 64.8 T-o.54tI exp( +40200/T) 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule-1 S-I] T[K] 

Rate Coefficient Measurements 
kl/kz = 5 ±1 300 
9.5.10- 11 720-785 

Reviews and Evaluations 
8.3,10-11 700-2000 
1.6.10-10 300-2500 

Comments 

(a) Low pressure flow system with nozzle reactor and 
mass spectrometric analysis. Products CH3CHO and 
HCHO taken as confirmation for channels (1) and 
(2). Absence of OH and C~2 products indicates that 
channel 0 + C2Hs -+ OH + c2a does not occur in 
this system. 

(b) Discharge-flow technique with molecular beam sam
pling for mass spectrometry. 0 atoms (microwave 
discharge) reacted with C2Ift; at total pressures of 2 
Torr. k derived from measurements of [0] (titration) 
and [C2Hs] (mass spectrometry) at the approach to 
the stationary state of [C2Hs]. 

(c) Estimated value. 
(d) Assumed value taken to be equal to k(O + CH3)' 

Preferred Values 

k = 1.10-10 cm3 molecule- 1 S-1 over range 300-2500 K 
kz/k = 0.17 at 300 K 

Reference 

Hoyermann and Sievert (1979)1 
Peeters and Caymax (*)2 

Warnatz (1984)3 
Tsang and Hampson (1986)4 

Reliability 
alog k = :t: 0.3 over range 300-1000 K 

""" :::!:: 0.5 over range 1000-2500 K 
ak-Jk = ± 0.03 at 300 K 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(e) 
(d) 

The recent measurement of this rate coefficient by 
Peeters and Caymax2 are direct and should be free from 
major complications. We have recommended a rounded
off rate coefficient from this study, but this requires con
firmation along with studies over a wider range of 
temperatures. The recommended branching ratio, kz/k, is 
calculated from the experimental ratio kl/k2 = 5 as deter
mined by Hoyermann and Sievertl

• Here again confirma
tion plus a temperature dependence are both needed. 

References 

If(. Hoyermann and R. Sievert, 17th Symp. (Int.) Combust., 517 (1979). 
21. Peeeters and M. Caymax, awaiting puhlication. 
31. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer
Verlag, New York (1984). 

4W. Tsang and R. F. Hampson, 1. Phys. Chern. Ref. Data 15, 1087 
(1986). 
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o + C2H& ~ OH + C2Hs 

Thennodynamic Data 
Mli98 :;;;: -9.1 kJ mol- 1 

6$'298 = 45.3 J K -lmol- 1 

~ = 5.29·104 T-O
•
748 exp( + 744fT) 

Rate Coefficient Data 

Rate Coefficient Measurements 
1.39-10 -10 exp( - 3770 IT) 

3.(} 10- 11 exp( - 26501T) 
3.(}1O-11 exp( -2650IT) 
1.38'10-10 exp( -3620IT) 
4.6'10- 11 exp( -3270/T) 

3.2'10- 10 exp( -4806 IT) 

Reviews and Evaluations 
4.2.10- 11 exp( -3200IT) 
5.(}10-20 T2 exp( -2575IT) 
1.55'10-20 T 2•2 exp( -2890IT) 
2.0010- 12 TO.6 exp( -36SO/T) 

Comments 

Temperature [K] 

853-933 

320-589 
272-615 
336-595 
303-364 

600-1030 

298-650 
300-1500 

500-1000 

(a) Effect of C2lL on lower explosion limit of CO + O2 
mixtures. 

(h) nis.charge flow with ESR detection of 0 atoms.. 
(c) Reinvestigation using same technique; report same 

parameters. In both studies stoichiometry measured 
only at 500 K and assumed temperature indepen
dent. 

(d) Discharge flow with mass spectrometric detection of 
reagents. Secondary reactions avoided by large [0]1 
[C2I1sD] .ratios. 

(e) Flow discharge, [0] by NO titration. Detailed deter
mination of stoichiometry at 310 K. 

(0 Discharge flow. molecular beam sampling and mass 
spectrometric analysis. 

(g) Details of early studies given. 
(h) T range not given, but < 1000 K. 
(i) Recommend Cohen'sll expression determined from 

transition state theory. 

Preferred Values 

k 1.66-10-1s T 1.5 exp( - 2920/T) cm3 molecule- 1 S-1 

over range 300-1200 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference 

Azatayan, Nalbandyan, 
and Meng-yuan (1962)1 

Westenberg and DeHaas (1967)2 
Westenberg and DeHaas (1969)3 
Herron and Huie (1969)4 
Papadopoulos. Ashmore. 

and Tyler (1969)5 
Caymax and Peeters (1983t 

Herron and Huie (1973)7 
Warnatz (1984)8 
Cohen (1986)9 
Tsang and Hampson (1986)10 

Reliability 

Comments 

(a) 
(b) 
(e) 
(d) 

(e) 
(f) 

(g) 

(h) 
(1) 

A.log k = :!: 0.15 between 500 K and 1200 K rising to 
0.3 at 300K 

Cammpnts an Prpfp'YI'p.d Val1J1~.s: 

The rate constants are only reasonably reliable be
tween 500 and 1000 K. Cohen9 suggests that all the exper
imental values below 500 K are too high by factors rising 
up to 4 at 300 K due to incorrect stoichiometry used in 
the determination of k. The preferred value is based on 
Cohens9 analysis of the low temperature data. 

References 

lV. V. Azatayan, A B. Nalbandyan, and T. Meng-yuan, Doklad. Akad. 
Nauk. SSSR 147,361 (1962). 

2A A Westenberg and N. DeHaas, J. Chem. Phys. 46, 490 (1967). 
3A A Westenberg and N. DeHaas, J. Chern. Phys. SO, 2512 (1969). 
4J. T. Herron and R. E. Huie, J. Phys. Chern. 73, 3327 (1969). 
Sc. Papadopoulos, P. G. Ashmore, and B. J. Tyler, 13th Symp. (Int.) 
Combust., 281 (1969). 

6M. Caymax and J. Peeters, 19th Symp. (Int.) Combust., 51 (1983). 
7J. T. Herron and R. E. Huie, J. Phys. Chern. Ref. Data 2, 467 (1973). 
IIJ. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer-

Verlag. New York (1984). 
~. Cohen, Int. J. Chem. Kin. 18, 59 (1986). 
lOW. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 

UN. Cohen, Aerospace Report. No. ATR-84(7073)-1, August 1984 (re
ported in Ref. 10). 
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o + CHCO -+ 2 CO + H 

Thennodynamic Data 
M-l."298 -429.8 kJ mol- 1 

M~8 94.61K- 1mol- 1 

Kp 2.38·1()6 T-O.439 exp( + 51460/T) 

Rate Coefficient Data 

Rate Coefficient Measurements 
2.0-10- 12 

3.2,10- 10 exp( -3OO/T) 
1.6.10-10 

Comments 

Temperature [K] 

298 
28S-535 
1500-1700 

(a) Discharge flow study with a atoms generated from 
N + NO. CHCO produced as an intermediate from 
a + C2H2 with [CHCO] and [0] measured by photo
ionisation mass spectroscopy. k measured from 
steady state value of [CHCO] at relatively long reac
tion times with simplifying assumptions concerning 
the mechanism. 

(b) Flow study with 0 atoms generated by O2 discharge, 
and measured by standard titration technique. Radi
cal concentrations measured by molecular beam mass 
spectrometry. Conditions selected so that CHCO is 
effectively removed only by reaction with 0 atoms. 
Value of k at 535 K determined from best fit to 
[CHCO] profile at 535 K. Activation energy deter
mined from measurements of [CHCO]ss. 

(c) Shock tube study, with simultaneous measurement of 
[H], [0], and [CO] by atomic and molecular absorp
tion spectrometry. 0 + CHCa important in later 
stages of 0 + Cili2 system. k determined from [0] 
profile under optimised stoichiometry. 

Preferred Values 

k = 1.6.10- 10 cm3 molecule-1 over range 300-2500 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference 

Jones and Bayes (1973)1 
Vinckier et al. (1985)2 
Frank et al. (1986)3 

Reliability 
alog k = ± 0.3 over range 300-2500 K 

Comments on Prefen-ed Values 

Comments 

(a) 
(b) 
(c) 

This reaction is very important in the oxidation of 
acetylene at combustion temperatures4

, but very little ki
netic information is available. No other channels have 
been suggested, and alternatives are unlikely below about 
2000 K. The two low temperature values of k differ by a 
factor of about 60 at 300 K. The Jones and Bayes value 
appears very low for a strongly exothermic atom + radi
cal reaction. Further, as the activation energy will be ef
fectively zero, the shock tube value obtained by Frank 
et al.3 is in excellent agreement with a value of 1.6.10-10 

at 410 K obtained from the expression given by Vinckier 
et al.for the range 285-535 K. 

References 

11. T. N. Jones and K. D. Bayes, 14th Symp. (Int.) Combust., 277 (1973). 
2C. Vinckier, M. Schaekers, and J. Peeters, J. Phys. Chem. 89, 508 

(1985). 
3p. Frank, K. A Bhaskaran, and Th. Just, 21st Symp. (Int.) Combust., 

885 (1986). 
4K. H. Homann and Ch. Wellmann, Ber. Bunsenges. Phys. Chem. 87, 

609 (1983). 
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o + CHzCO ~ CHzO + CO (1) 
~ CHO + H + CO (2) 
~ CHO + CHO (3) 

Thennodynamic Data 
!:Jr298 (1) = -424 kJ mol-1 

~8 (1) = 13.4 J K- 1mol-1 

Kp (1) = 2'{Hlr Tl,26 exp( + S06OOfT) 

!:Jr298 (3) = -110 kJ mol- 1 

M"298 (3) = 46.3 JK-1mol- 1 

K;,(3) = 6.6&lOS T-l.1S exp( + 12900/T) 

M/298 (2) = - 46.4 kJ mol-1 

~8 (2) = 134 JK- 1mol- 1 

Kp(2) = 2.39-1OS T",318 exp( +S260fT) atm 

Rate Coefficient Data (k = k1 + kz + k3) 

Rate Coefficient Measurements 
8.8'10-13 

5.67.10-13 

2.92,10-12 exp( -680fT) 

Reviews and Eva/U(J.tions 
3.3,10-11 exp( -1155/T) 

Comments 

T[K] 

298 
293 

230-449 

300 

(a) Discharge flow system. 0 atoms produced by reaction 
N + NO ~ 0 + N2• CH2CO in excess. Analysis by 
mass spectrometry. C02, CO, H20, H2, Hand H2CO 
observed in the products. Experiments using 180 mix
tures of CHzCO and CDzCO suggest channels (2) and 
(3) not of major importance. 

(b) Discharge flow system, 0 atoms produced by reaction 
N + NO ~ 0 + N2• [0] followed bye.s.r.and chemi
luminescence, product analysis by gas chromatogra
phy. Results suggested channels (1) and (2) not of 
major importance. 

(c) Two experimental methods used. 
(i) Pul~e radioly~i~; 0 produced by C02 decomposi
tion in Ar bath gas. [0] monitored by resonance ab
sorption. 
(ii) Discharge flow system. 0 atoms generated by mi
crowave discharge in O:z/He mixture. Product analysis 
by photoionization mass spectrometry. CH20 ob
served in products indicating that channel (1) is of 
importance. 

Preferred Values 

k = 3.8,10 -12 exp( - 680fT) cm3 molecule -1 s -lover 
range 230-500 K 

Reliability 
~.log k = ± 0.3 over range 230-500 K 

Reference 

Carr, Glass, and Niki (1968)1 
Mack and Thrush (1974)2 
Washida et a1. (1983)3 

Wamatz (1984)4 

Comments on Pre/erred Values 

Comments 

(a) 
(b) 
(c) 

The recommended expression is for the overall rate 
constant; no measurements for the individual channels 
have yet been made. The expression is based upon the 
results of Washida et al.3 and Mack and Thrush:il, the two 
most recent studies the results of which agree to within a 
factor of 2 at room temperature. The subsequent error 
limits reflect the scarcity of experimental data. 

Carr et al.1 concluded that the probable initial step is 
formation of CH2CO;, which may rapidly decompose. Re
sults from the isotope study1 and product analysis2 by gas 
chromatography indicate that channels (2) and (3) may 
be dominant but more recentlyl CH20 has been observed 
as a major product suggesting that reaction (1) is also of 
impurtaucx. Nu recommendations are made for the 
branching ratios. 

References 

lR. W. Carr, G. P. Glass, and H. Niki. J. Chern. Phys. 49, 846 (1968). 
2G. P. R. Mack and B. A. Thrush, J. Chern. Soc., Faraday Trans. 1,70, 

187 (1974). 
3N. Washida, S. Hatakeyama, H. Takagi, T. Kyogoky, and S. Sato, J. 

Chem. Phys. 78, 4533 (1983). 
4J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
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o + CH3CHO ~ OH + CH3CO (1) 
~ OH + CH2CHO (2) 

Thennodynamic Data 
M:r,.98 (1) = -67.5 kJ mol- 1 

.6$'298 (1) = 25.6 J K-1mol-1 

K;, (1) = 2.18·1()3 T- O•
614 exp( + 7780IT) 

Mf'298 (2) = -19.8 kJ mol- 1 

.6$'298 (2) = 26.6 J K-1mol- 1 

K;,(2) = 9.6·1()2 T- 04
sS exp(20501 T) 

Rate Coefficient Data (k = k1 + k2) 

k [cm3 molecule- l S-I] T[K] 

Rate Coefficient Measurements 
4.8'10- 13 300 
1.7-10 -11 exp( - 201O/T) 1550-1850 
4.9-10-13 298 
1.2-10- 11 exp( - 990fT) 298-472 

Reviews and Evaluations 
8.3·1O- 12exp( -900IT) 300-2000 

Comments 

(a) Discharge flow system. Oxygen atoms monitored by 
EPR and air afterglow_ 

(b) Ignition of CH3CHO/Ov' Ar mixtures behind incident 
shock waves. Stable and transient species monitored 
by UV and IR emission. k determined from mod
elling the system. 

(c) Discharge flow system. Oxygen atoms monitored by 
resonance fluorescence. 

(d) Modulated photolysis of NzO/CH3CHO. Oxygen 
atoms monitored by air afterglow. 

k 

Preferred Values 

9.7,10- 12 exp( -910fT) cm3 molecule- 1 

range 298-1500 K 

Reliability 

over 

~log k = ± 0.5 at 1500 K reducing to ± 0.05 at 298 K 

Comments on Pre/erred Values 
Preferred values are based on the low temperature 

data of Mack and Thrushl
, Michael and Lee3

, and Single-

Reference 

Mack and Thrush (1974)1 
Beeley el al. (1977)2 
Michael and Lee (1977)3 
Singleton el al. (1977t 

Warnatz (1984)5 

Comments 

(a) 
(b) 
(c) 
(d) 

ton et al.4
• Temperature dependence based on the data of 

Singleton et a1.4• Although the data of Beeley ct al.2 

agrees with the extrapolation based on a simple Arrhe
nius expression, the determination was indirect and sub
ject to uncertainty. No information is available on the 
branching ratio. If it is assumed that k2 = 1/2 ko + Cza, 
then the second channel only becomes significant (kJk > 
0.1) at T > 700 K. However the extrapolated value is a 
factor of 2 higher than the overall rate given by Beeley 
et al.z. The contribution of the second channel is negligi
ble at T < 500 K, where the only reliable studies were 
conducted. 

References 

lG. P. R. Mack and B. A Thrush, J. Chem. Soc. Faraday Trans. 1,70, 
178 (1974) .. 

2P. Beeley, J. F. Griffiths, B. A. Hunt, and A. Williams, 16th Symp. 
(Int.) Combulit., 1013 (1976). 

3J. V. Michael and J. H. Lee, Chem. Phys. Lett. 51,303 (1977). 
4D. L. Singleton, R. S. Irwin, and R. J. Cvetanovic, Can. J. Chem. 55, 

3321 (1977). I 

5J. Wamatz, in "Combustion Chcmi5try", cd. W. C. OanJim:r, Springer
Verlag, New York (1984). 

6R. D. Cadle and J. W. Powers, J. Phys. Chem. 71, 1702 (1967). 
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o + C2HsOOH ~ OH + C2HsOO (1) 
~ OH + C2H400H (2) 

Thennodynamic Data 
Mi298 (1) = -60.15 kJ mol- 1 

Comment 

There are no experimental data for the reaction of 
Oep) with C2HsOOH. As for CH300H the rate expres-

AF/298 (2) = - 20.7 kJ mol- 1 

sion k = 6.85.10- 13 To.s7 exp( -1390/T) cm3 IIlolecule- 1 

S-1 with channel (2) dominant, is recommended byanal
ogy with H abstraction from HCHO and H202. 

o + C6H6 ~ OH + C6Hs (1) 
o + C6H6 (+ M) ~ C6HsOH (+ M) (2) 

Thermodynamic Data 
Ml'i98 (1) = 35.3 kJ mol- 1 

~98 (1) = 41.7 J K-1mol-1 

Kp(l) = 9.8·1()4 T-088 exp( -4701lT) 

Mfi98 (2) = - 428.5 kJ mol- 1 

~2cJ8 (2) = -115.4 J K-1mol-1 

1:;,(2) = 4.3.10- 6 T-020 exp( +S1411/T) atm- 1 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule-1 S-I] T[ K] 

Rate Coefficient Measurements 
6.(}OlO- 14 298 
2.5,10- 10 exp( -2768/T) 883-963 
kl = 5.3'10- 10 exp( -3019/T) 1300-1700 
k1. = 6.3.1O- 11exp( -2214/T) 2SS-30S 
2.4'10- 14 300 
1.8.10- 11 exp( -2214/T) 298-462 
1.8·1O- 11exp( - 2003/T) 299-392 
1.7·1O- 11exp( -2010/T) 299-440 
4.9.10- 11 exp( -2470/T) 298-867 
kl = 5.3.10- 10 exp( - 3020/T) 1600-2300 

Reviews and Evaluations 
2.5,10- 11 exp( - 2130/T) 298-600 

Comments 

(a) Pulsed radiolysis with product analysis by gas chro
matography. 0 atoms originate from radiolysis of 
C02 and N02 at high pressures. Rate coefficient 
from absorption profiles of transient species. 

(b) Evaluation of an overall rate coefficient from a flow 
reactor study. 

(c) Single pulse shock tube with gas chromatographic 
analysis of stable products and absorption/emission 
measurements during the progress of the reaction 
were used to investigate the kinetic behaviour of ben
zene/argon mixtures containing small amounts of 
oxygen. 

(d) Flow system study. The decrease of 0 atoms was 
monitored by ESR detection and changes in benzene 
concentration were fo11owed by mass spectrometry. It 
was found that 0 atoms removal is much faster than 
benzene decrease. Therefore it was assumed that the 
o atoms react with radicals produced in the initiation 
reaction. The rate coefficient for channel (2) was 

Reference Comments 

Mani and Sauer (1968)1 (a) 
Mkryan etal. (1971)2 (b) 
Fujii and Asaba (1972)3 (c) 
Bonnano III 01. (1972)4 (d) 
Atkinson and Pitts (1974)5 (e) 
Colussi et ale (1975)6 (f) 
Atkinson and Pitts (1975)' (g) 
Atkinson and Pitts (1979)8 (b) 
Nicovicb et ale (1982)9 (i) 
Hsu et al. (1984)10 (j) 

Cvetanovic (1987)11 (k) 

evaluated from the mass' spectrometric measure
ments. 

( e) Same method as in comment ( a). 
(t) Phase shift-O + NO chemiluminescence. 0 atoms 

are generated during Hg photosensitized decomposi
tion of N02• 

(g) Same method as in comment (f). 
(h) Flash photolysis-resonance fluorescence. 0 atoms 

are generated by VUV photolysis of O2 and NO. 
(i) Flash photolysis-resonance fluorescence. 0 atoms arc 

generated by VUV photolysis of O2. 
G) The oxidation of benzene under fuel lean conditions 

was studied behind reflected shock waves using a sta
bilized cw CO laser to monitor CO production. The 
formed CO was modelled by a 25 step reaction mech
anism. A rate coefficient for channel (1) was deter
mined. 

(k) Critical evaluation and compilation of chemical ki
netic data of OCP) atoms with unsaturated hydrocar
bons. 

J. Phys. Che"1' Ref. Data, Vol. 21, No.3, 1992 
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Preferred Values 

k = 1.2-10-22 T3
•
68 exp (-570fT) cm3 molecule-1 S-1 over 

range 300-1000 K 

Reliability 
410g k = ± 0.5 over range 300-1000 K 

Comments on Preferred Values 
There exists a large variety of studies on benzene pyrol

ysis in the lower temperature range up to = 900 K. The 
shock tube data for the higher temperature range are 
evaluated from reaction systems with reduced sensitivity. 
From the present data a clear separation between addi
tion and abstract channel is not possible, and therefore 
only a rate expression for the overall reaction is recom
mended. 

J. Phys. Cham. Ref. Data, Vol. 21, No.3, 1992 
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o + C6H5CH2 ~ HCO + C6H6 (1) 
~ CH20 + C6H5 (2) 
~ H + C6H5CHO (3) 

Thermodynamic Data 
t:JIi98 (1) = -322.8 kJ mol- 1 

~298 (1) = 16.7 J K- 1mol- 1 

K;,(1) = 3.5·Ht T- 1•28 exp( + 38474/T) 

t:JIi98 (2) = -236.7 kJ mol- 1 

~298 (2) = 29.9 JK-lmol-l 
K;,(2) = 8.00uf T- 1.84 exp( + 27932/T) 

Rate Coefficient Data (k = k1 + kz + k3) 

k[ cm3molecule -IS -1] 

Rate Coefficient Measurements 
k2 = 1.7.10-11 

kl + k3 = 5.5.10- 10 

Comments 

T[K] 

1700-2800 
298 

(a) Illv~stigaliull uf benzene and tuluene/uxygen/argon 
mixtures behind incident shock waves by monitoring 
UV and IR emission of CO, C02, and the product 
[O}[COJ Rate constant for channel (2) estimated 
from reaction model. 

(b) Reactions of benzyl with H, 0, and O2 were studied 
at low pressures (around 1 mbar) in a multiple dis
charge flow reactor by molecular beam sampling 
technique and mass spectrometric detection. The rel
ative rate constants for channel (1) and (3) were de
termined with Ref. to the reaction of methyl radicals 
with oxygen atoms. 

Preferred Values 

kl + k3 = 5.5'10-10 cm3 molecule- 1 
S-1 at room temper

ature 

Reference 

McLain et ai. (1979)1 
Bartels et af. (1988)2 

Reliability 
~log(kl + k3 ) = ± 0.3 

Comments on Preferred Values 

Comments 

(a) 
(b) 

The high temperature data have been obtained by an 
indirect method and do not al10w a recommendation. 
The room temperature value has been measured under 
isolated conditions, which show that the two reaction 
pathways (1) and (3) are equally probable. 

References 

ID. C. McLain, C. J. Jachimowski, and C. H. Wilson, NASA TP-1472 
(1979). 

2M. Bartels, J. Edelbuettel-Einhaus, and K. Hoyermann, 22nd Symp. 
(Int.) Combust., 1041 (1988). 

o + C6H5CH3 ~ products 

Rate Coefficient Data 

k[cm3 molecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
2.4·1O- 11exp( -1640/T) 39~95 Jones and Cvetanovic (1961)1 (a) 
8.9010- 14 303 Grovenstein and Mosher (1970)2 (b) 
2.3'10- 13 298 Mani and Sauer (1968)3 (c) 
7.5.10- 14 300 Atkinson and Pitts (1974)4 (d) 
3.8·1O- 11exp( -1942/T) 298-462 Colussi et af. (1975)5 (e) 
1.4·1O-11exp( -1560/T) 299-392 Atkinson and Pitts (1975t (f) 
8.3·10- 12exp( -1359/T) 373-648 Furuyama and Ebara (1975)' (g) 
1.6·1O-u exp( -1535/T) 299-440 Atkinson and Pitts (1979)8 (h) 
1.7·1O- IOexp( -3625/T) 1700-2800 McLain et al. (1979)9 (i) 
4.3·10- 11exp( -1910/T) 298-932 Nicovich et al. (1982)10 (j) 

Reviews and Evaluations 
2.7·1O- 11exp( -1720/T) 298-932 Cvetanovic (1987)11 (k) 
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Comments 

(a) 0 atoms from Hg photosensitized decomposition of 
N20. Ratio derived from relative k data in competing 
experiments. Reference reaction was 0 + cyclopen
tene ~ products. Evaluated by Cvetanovicll

. 

(b) Same method as in (a). Reference reaction was 0 + 
benzene ~ products. Evaluated by Cvetanovicll

• 

( c) 0 atoms from pulse radiolysis of C02 and N20 at high 
pressures. Rate coefficient from absorption spectra 
of transient species. 

(d) Phase shift-O + NO chemiluminescence. 0 atoms 
from Hg photosensitized decomposition of N20. 

(e) Same method as in (d). 
(f) Same method as in (d). 
(g) Microwave discharge-fast flow reactor. 0 atoms from 

N + NO. 
(h) Flash photolysis-resonance fluorescence. 0 atoms 

from V U V photolysis of 02 and NU. 
(i) Incident shock wave investigation of the oxidation 

mechanism of CJ:IJ021 Ar and CJisCH:J 021 Ar mix
tures by monitoring UV and IR emission of CO, CO2, 

and the product [O}[CO] . Arrhenius expression for 
the product channel CHsCHz + OH estimated by 
comparison with data for benzene. 

0) Flash photolysis-resonance fluorescence. 0 atoms 
from VUV photolysis of O2• 

(k) Critical evaluation and compilation of chemical ki
netic data of Oep) atoms with unsaturated hydrocar
bons. 

Preferred Values 

k 5.3·10- 1S T121exp( -1260IT) cm3 molecule- l S-1 over 
range 298-2800 K 

Reliability 
~log k = ± 0.4 at 2800 K reducing to ± 0.1 at 300 K 

Comments on Pre/e"ed Values 
The results of 8 studies concerning the determination 

of the rate coefficient for total 0 consumption by toluene 
are in excellent agreement for the range from room tem
perature up to about 1000 K. The temperature depen
dence of the rate coefficient at higher temperatures is 
difficult to define because the only available rate expres
sion has not been measured directly, but has been esti
mated from modelling a relatively complex reaction 
system. It has been assumed that at higher temperatures 
the reaction proceeds predominantly by direct abstrac
tion of a H atom. The reliability at 2800 K has been esti
mated by comparing the shock tube values with the values 
obtained by linear extrapolation of the k values in the T
range 300-1000 K. 
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(1970). 

3M. C. Sauer and I. Mani, Advanc. Chern. Ser. No. 82, 142 (1968). 
4R. Atkinson and J. N. Pitts, Jr., J. Phys. Chern. 78, 1780 (1974). 
sA. J. Colussi, D. L. Singleton, R. S. hwin, and R. J. Cvetanovic, J. Phys. 
Chern. 79, 1900 (1975). 

6R. Atkinson and J. N. Pitts, Jr., J. Phys. Chern. 79, 295 (1975). 
7S. Furuyarna and N. Ebara, Int. J. Chern. Kin. 7, 689 (1975). 
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o + p-CeH4(CH3)2 -+ products 

481 

Rate Coefficient Data 

k[cm3 rnoJecule-1 S-I] T[ K] 

Rate Coefficient Measurements 
7.5,10-13 298 
1.8.10-13 300 
1.3·10- 11exp( -l280IT) 299-392 
3.9-10- 11exp( -1540IT) 298-600 

Reviews and Evaluations 
2.0-10- 13 298 
2.6·1O- llexp( -1409IT) 298-600 

Comments 

(a) 0 from pulse radiolysis of CO2 or N20. k from absorp
tion spectra of transients (not positively identified). p 
..... 60 bar. 

(b) Phase shift-O + NO chemiluminescence. O-atoms 
from Hg-photosensitized decomposition of N20. p = 
72 mbar. 

( c) Same method as in (b). 
(d) Flash photolysis-resonance fluorescence. O-atoms 

from VUV photolysis of O2. Density range 2-1010-2-1012 

cm-3• 

( e) Critical evaluation and compilation of chemical ki
netic data of Oep) atoms with unsaturated hydrocar
bons. 

Preferred Values 

k 2.6·10-11exp( -1409/T) cm3 molecule- 1 S-1 over 
range 298-600 K 

Reference Comments 

Mani and Sauer (1968)1 (a) 
Atkinson and Pitts, Jr. (1974)2 (b) 
Atkinson and Pitts, Jr. (1975)3 (c) 
Nicovich et al. (1982)4 (d) 

Cvetanovic (1987)' (e) 

Reliability 
alog k = ± 0.3 

Comments on Preferred Values 
The preferred value is based on the evaluation of Cve
tanovie. 

References 

11. Mani and M. C. Sauer, Jr., Advanc. Chern. Ser. No. 82, 142 (1968). 
2R, Atkinson and J. N. Pitts, Jr., J. Phys. Chern. 78, 1780 (1974). 
3R. Atkinson and J. N. Pitts, Jr., J. Phys. Chern. 79, 295 (1975). 
4J. M. Nicovich, C. A. Gump, and A. R. Ravishankara, J. Phys. Chern. 

86, 1690 (1982). 
sR. 1. Cvetanovic, J. Phys. Chern. Ref. Data 16, 261 (19B7). 
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Rate Coefficient Data 

Rate Coefficient Measurements 
5.3'10-13 

1.0.10-13 

Reviews and Evaluations 
1.0.10- 13 

Comments 

298 
303 

298 

(a) 0 from pulse radiolysis of CO2 or N20. k from absorp
tion spectra of transients (not positively identified). p 
~ 53 bar. 

(b) Ratio derived from relative k data in competing ex
periments. Reference reaction was 0 + benzene ~ 
products. p :::;::; 1 bar. Evaluated by Cvetanovicl

• 

(c) Critical evaluation and compilation of chemical ki
netic data of Oep) atoms with hydrocarbons. 

Preferred Values 

k = 1.0'10- 13 cm3 molecule- 1 
S-1 at 298 K and 1 bar 

Thermodynamic Data 
!Jl'!1'J1!. - 231.0 kJ mol- 1 

4Sm = 31.9 J K-1mol- 1 

Kp = 39.6 T-O.10S exp( -27930IT) 

Reference 

Mani and Sauer (1968)1 
Orovenstein and Mosher (1970)2 

Cvetanovic (1987)3 

Reliability 
alogk = ± 0.3 

Comments on Pre/erred Values 

Comments 

(a) 
(b) 

(c) 

The preferred value is based on the evaluation of Cve
tanovi2. 

References 

11. Mani and M. C. Sauer, Jr., Advanc. Chern. Ser. 82, 142 (1968). 
2E. Grovenstein, Jr., and A. 1. Mosher. J. Am. Chern. Soc. 92, 3810 

(1970). 
3R. J. Cvetanovie, J. Phys. Chem. Ref. Data 16,261 (1987). 

Rate Coefficient Data 

k [cm3 molecule-1 Temperature [K] 

Rate Coefficient Measurements 
No experimental measurements have been made. 

Reviews and Evaluations 
G.6-10-" cxp( -28630IT) 

Comments 

500-2000 

(a) Based on experimental value2 for HCHO + O2 ~ 
H02 + HCO, which is effectively 3.3 -10-11 

exp( - Ml /R T) cm3 molecule -1 s -1. Assuming equal 
A factors per C - H bond k = 6.6.10- 11 exp( - MIl 
R T) em3 molecule- 1 S-I. 

k 

Preferred Values 

6.6,10-11 exp( - 28630/T) cm3 molecule -1 s -lover 
range 500-2000 K 

Reference Comments 

Walker (1974)1 (a) 

Reliability 
alog k = ± 0.5 between 500 and lUUO K, rising to 

± 1.0 at 2000 K 

Comments on Pre/erred Values 
See comment (a) above. 

References 

lR. W. Walker. in "Reaction Kinetics", Specialist Periodical Reports, 
Chemical Society, London, Vol. 1, 161 (1974). 

2R. R. Baldwin, A. R. Fuller, D. Longthom, and R. W. Walker, J. 
Chern. Soc., Faraday Trans. 1, 70, 1257 (1974). 
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Thermodynamic Data 
AIrm = 211.5 kJ mol-1 

,MOm = 46.6 J K-1mol- 1 

Kp = 6.39-1()3 T-O.44S exp( - 25630IT) 

Rate Coefficient Data 

Temperature [K] 

Rate Coefficient Measurements 
No experimental measurements have been made. 

Reviews and Evaluations 
6.7'10- 11 exp( -25620IT) 

Comments 

500-2000 

(a) Based on experimental value2 for I1eIlo + 02 -it" 

H02 + CHO, which is effectively 
3.3.10-11 exp( -AB/R T) cm3 molecule- 1 S-I. 

Preferred Values 

k 1.0.10-10 exp( -26100IT) cm3 molecule- 1 S-1 over 
range 500-2000 K 

Reliability 
dlog k = ± 0.5 between 500 and 1000 K rising to 

± 1.0 at 2000 K 

Reference Comments 

Walker (1974)1 (a) 

Comments on Preferred Values 
The value given in the Walker review has been modi

fied slightly to allow for the higher heat of formation of 
the C2Hs radical now recommended3 and for an assumed 
equalA factor per C-H bond in HCHO + O2 and C2H6 
+ 0,. / 

References 

lR. W. Walker, in "Reaction Kinetics", Specialist Periodical Reports, 
Chemical Society, London, Vol. 1, 161 (1974). 

2R. R. Baldwin, A. R. Fuller, D. Longthorn, and R. W. Walker, J. 
Chem. Soc., Faraday Trans. 1, 70, 1257 (1974). 

3R. R. Baldwin, O. R. Drewery, and R. W. Walker, J. Chem. Soc. Fara
day Trans. I, 80,2827 (1984). 

O2 + HCHO ~ H02 + CHO 

Thennodynamic Data 
AIrm = 170 kJ mol-1 

M~8 = 29.9 J K-1mol- 1 

Kp = 0.083 T-O.071 exp( -20600/T) 

Rate Coefficient Data 

k[cm3 molecule- 1 S-I] T[K] 

Rate Coefficient Measurements 
3.4·1O- 11exp( -19580IT» 713-813 
7.5·1O- 11exp( -20630IT) 878-952 

Reviews and Evaluations 
6.7·1O- 11exp( -20100/T) 650-900 
3.4·10- 11exp( -19600/T) 300-2000 

Comments 

(a) Oxidation of HCHO in KCI coated vessels under con
ditions where the chain length is near unity. 

(b) Thermal oxidation of HCHO; expression for k cited 
from earlier work published in Armenian Chemical 
JournalS. 

(c) Based on Ref. 1; recommended Arrhenius parameters 
for general reaction RH + O2 ~ R + H02 are E = 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Baldwin et al. (1974)1 (a) 
Vardanyan et al. (1975)2 (b) 

Walker (1975)3 (c) 
Tsang and Hampson (1986t (d) 

ABO and A = 6.7,10- 11 cm3 molecule-1 S-I. Accuracy 
estimated to be ± a factor of 2-4 in the temperature 
range 650-900 K. 

(d) Accepts the value in Ref. 1. 

Preferred Values 

k 1.0.10- 10 exp( -20460IT) cm3 molecule- 1 S-1 over 
range 700-1000 K 
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Reliability 
Alog k = ± 0.5 over range 700-1000 K 

Comments on Prefen'ed Values 
The results uf Baldwin el al.1 appear reliable and are 

confirmed by the rate parameters cited from the Russian 
work. The preferred value is obtained using the approach 
of Walker3, using the currently accepted AHo and the A 
factor adjusted to fit the value of k = 3.4.10-22 em3 

molecule- 1 S-1 at 773 K from Ref. 2. 

Thennodynamic Data 
M/298 = 153 kJ mol- 1 

M~8 = 26.8 J K- 1mol- 1 

Kp = 2.63 T- O•31 exp( -18600IT) 

References 

lR. R. Baldwin, A. R. Fuller, D. Longthom, and R. W. Walker, J. 
Chern. Soc. Faraday Trans. 1, 70, 1257 (1974). 

21. A. Vardanyan, G. A. Sachyan, and A. B. Nalbandyan, Int. J. Chern. 
Kin. 7, 23 (1975). 

3R. W. Walker, in "Reaction Kinetics", ed. P. G. Ashmore (Spec. Per. 
Reports), The Chemical Society, London, 1, 161 (1975). 

4W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 

51. A. Vardanyan, G. A. Sachyan, and A. B. Nalbandyan, Arm. Chim. 
J. 25, 281 (1972). 

Rate Coefficient Data 

Rate Coefficient Measurements 
3.32·1O- 11exp( - 212401T) 

Reviews and Evaluations 
6.7·1O- 11exp( -20100IT) 

Comments 

T[K] 

700-1100 

650-900 

(a) Flow reactor study of high temperature oxidation of 
CH3CHO (1030-1115 K). k based on an assumed 
value of 3.3.10- 11 cm3 molecule- 1 S-1 for the reaction 
CH, + H02 -3> CH,O + OH and analysis of a com
plex mechanism. Arrhenius parameters determined 
using value of k(C:zHsCHO + O2) = 1.27,10-21 cm3 

molecule -1 s -1 at 713 K (erroneously quoted from 
Baldwin et at.') together with experimental results on 
CH3CHO + O2• 

(b) Recommended expression using E AHo = 167 kJ 
mol- I and A = 6.7,10- 11 cm3 molecule- 1 s-t, based 
on work of Baldwin et at.3

• 

Preferred Values 

k 5.0·10- 11 exp( -19700/T) cm3 molecule- 1 S-1 over 
range 600-1100 K 

Reliability 
Alog k ± 0.5 at 600 K rising to ± 1.0 at 1100 K 

Comments on Prefen'ed Values 
The only reported experimental values of k are ob

tained from analysis of a complex mechanism and are 

Reference Comments 

Colket et al. (1977)1 (a) 

Walker (1975)2 (b) 

therefore subject to considerable uncertainty. The Arrhe
nius expression reported by Colket et al.is apparently 
based on an erroneously quoted value of k(C2HsCHO + 
02) from the work of Baldwin et al. The value employed 
was 0.7601 mol S-1 at 713 K instead of 0.076 I mol S-1 at 
753 K obtained in the study of Baldwin et al. Using the 
latter the following Arrhenius parameters are obtained: 
A = 6.2·lG-8 cm3 molecule- 1 

S-1 and E/R = 25450 K. 
The activation energy thus obtained is significantly 
greater than the reaction. enthalpy AH /R = 19700 K and 
the A factor unreasonably large. Clearly the experimental 
data in the two temperature regions are incompatible. 
For this evaluation we prefer the approach of Walker and 
the recommended value is based on the best current 
AH298 value (= 163.8 kJ mol- I using AHf(CH3CO) = 11.0 
kJ mol- 1 and AHf(HO,) = 14.6 kJ mol-I). and A 
5.0,10- 11 cm3 molecule-Is-I. 

References 

IM.B.Colket, D.W.Naegeli, and I.Glassman, 16th Symp.(lnt.) Com
bust., 1023 (1976). 

2R.W.Walker, in "Gas Kinetics", ed. P.G.Ashmore, (Specialist Periodic 
Reports), The Chemical Society, London (1975). 

3R.R.Baldwin, D.H.Langford, and R.W.Walker, Trans.Faraday Soc. 65, 
792, 806, and 2116 (1969). 
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H + O2 -+ 0 + OH 

Thermodynamic Data 
Mrm = 70.2 kJ mol- 1 

A,S0298 24.9 J K-lmol-l 
Kp = 3.02·1()2 T-0.374 exp( -8620/T) 

Rate Coefficient Data 

Rate Coefficient Measurements 
4.5'10- 10 exp( -8354/T) 
2.(}10- 7 T-O'JI exp( -8369/T) 
1.(}10-9 exp( -8450/T) 
1.8'10- 10 exp( -8107/T) 
2.(}1O- IO exp( -8107/:(') 
4.1·1O- 1u exp( -8696/T) 
2.8'10- 10 exp( -8118/T) 

Reviews and Evaluations 
3.7'10- 10 exp( -8456/T) 
2.8'10-7 T- 0

•
9 exp( -8744/T) 

2.(}10- 7 T- 091 exp( -831O/T) 

Comments 

T[ K] 

910-1470 
1250-2500 
1875-2240 
925-1825 

1000-2500 
1700-2500 
962-1705 

700-2500 
300-1250 
300-2500 

(a) Oxidation of Hz in OzlCOJN2 mixtures; static system. 
Product analysis by gas chromatography. Total pres
sures 80-900 Torr. 

(b) Shock heating of lean and rich HJCOIOzl Ar mixtures, 
time-resolved chemiluminescence in the visible and 
ultraviolet region (A > 340 nm). Total pressures 20-
350 Torr. 

( c) Shock heating of stoichiometric and rich CHJOzl Ar 
mixtures, [OH] by absorption at 308 nm, [0] from 
chemiluminescence near 370 nm, [CO] and [C02] 

from infrared emission at 4.8 mu and 6.3 mu. Total 
densities (1.4-2.3)'10-5 mol cm-3

• Numerical mod
elling of 23 reaction mechanism of methane oxidation 
and adjusting of sensitive rates. 

(d) Shock tube; HzlOzl Ar mixtures; [H] by Lyman a-reso
nance absorption. Total pressure = 2 atm. 

(e) Shock heating of rich and stoichiometric HzlOzlAr 
mixtures; [0] by resonance absorption. Total pres
sures == 1.5-2.5 atm. 

(f) Shock heating of N20/H:J0:JAr mixtures; [H] and [0] 
by time-resolved atomic resonance absorption. Total 
densities ( 6.10-6 -1.3.10-5 ) mol cm-3

• Numerical 
modelling of 10 reaction mechanism and adjusting of 
rate parameters. 

(g) Shock tube; H atoms produced by flash photolysis of 
either NH3 or H20 in the reflected shock regime; [H] 
by atomic resonance absorption. Total pressures 10-
30 Torr. 

Preferred Values 

k 3.3-10-10 exp( -8456/T) cm3 molecule- 1 S-1 over 
range 300-2500 K 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference 

Kochubei and Moin (1973)1 
Schott (1973)2 
Bowman (1975)3 
Chiang and Skinner (1979)4 
Pamidirnukkala and Skinner (1982i 
Frank and Just (1985)6 
Klemm el al.(1989), 

Baulch et a/. (1972)11 
Cohen and Westberg (1983)9 
Wamatz (1984)10 

Reliability 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 

alog k ± 0.1 at low temperatures rising to ± 0.2 at 
2500 K 

Comments on Pre/erred Values 
The preferred value is similar to the recommendation 

of Baulch et 01.8, but a little smaller in agreement with 
new results of Frank and Just6 and Klemmet al.7

• The 
negative temperature dependence measured by 
Schottz is not taken into consideration. 

References 

IV. F. Kochubei and F. B. Moin, Ukra Khim. Zh. 39, 888 (1973). 
20. L. Schott, Comb. Flame 21, 357 (1973). 
3C. T. Bowman, 15th Symp. (Int.) Combust., 869 (1975). 
4C. -C. Chiang and G. B. Skinner, Proc. 12th Int. Symp. on Shock Tubes 

and Waves, 629 (1976). 
5K. M. Pamidimukkala and O. B. Skinner, Proc. 13th Int. Symp. on 

Shock Tubes and Waves, 585 (1982). 
6p. Frank and Th. Just, Ber. Bunsenges. Phys. Chern. 89, 181 (1985). 
7A. N. Pirraglia, J. V. Michael, J. W. Sutherland, and R. B. Klemm, J. 

Phys. Chern., 93, 282 (1989). 
liD. L. Baulch, D. D. Drysdale, D. G. Home, and A. C. Lloyd, "Evalu

ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the H2-02 System", London, 
Butterworths (1972). 
~. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data, 15. 1087 

(1986). 
IOJ. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, 
Springer-Verlag, New York (1984). 
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H + O2 (+ M) ~ H02 (+ M) 

Thermodynamic Data 
Mf298 = - 208 kJ mol-1 

AS'298 = -90.6 J K- 1mol- 1 

Kp =6.9,10-3 T-O.9S exp( + 24800IT) atm- 1 

Rate Coefficient Data 

k[cm6 molecule-2 S-I] T[K] p[Torr] 

Rate Coefficient Measurements 
0.6-10-32 298 10-600 
1.2-10-32 298 10-600 
0.75'10-32 298 10-600 
1.9-10-32 300 
6.7'10 - 33 exp( + 2381T) 203-404 10-400 
8.9-10-33 exp( + 770fT) 913-1473 80-900 
6.8,10-33 exp( + 3451T) 220-360 10-500 
1.4,10-32 300 2-30 
2.5'10-32 773 
2.1-10-32 1500 
1.2'10-32 2130 
2.5'10-32 293 
9.1'10-33 980-1176 1520 
1.2'10-33 exp( +SOSIT) 925-1825 = 1520 
6.0010-32 298 760 
1.2.10-33 exp( +S05IT) 1000-2500 1140-1900 
7.9-10-34 exp( + 7961T) 231-512 2-10 
2.8'10-32 298 
6.5.10- 32 298 
1.5'10-31 298 
k.., =7.5-10- 11 em3 molecule- 1s- 1 298 
Feent (Ar) "'" 0.45 
F cent (N2) "'" 0.50 
Feen, (CR.) <::0: 0.54 
2.6-10-32 298 4.8-30 
6.1-10- 32 298 4.8-30 
6.4.10-31 298 4.8-30 
7.1'10-33 746-987 

Reviews and Evaluations 

4.1,10- 33 exp( +S05IT) 300-2000 
1.4'10-32 exp( +S05IT) 300-2000 
1.7'10-30 T-u,1S 200-2000 
5.8,10- 30 T-08 200-400 
1.8'10-29 T-l 300-2500 

Comments 

(a) Hg sensitized photodecomposition of H2; [H] moni
tored by Lyman a spectroscopy. Reaction was found 
to be third order over total pressure range. Relative 
efficiencies H2 : Kr : He : Ar : Ne 2.0 : 1.8 : 1.2 : 
1.0: 0.2. 

(b) Discharge-flow system; [H], [OH], and [0] measured 
by ESR. 

(c) Flash photolysis of CH4 or C3HslOJHe, Ar, or N2 mix
tures. [H] monitored by Lyman a resonance fluores
cence. Relative collision efficiencies CH4 : N2 : He : 
Ar = 15.7 : 3.4 : 1.0 : 1.0. 

(d) Oxidation of Hz in Oz/COJNz mixtures; product anal
ysis by gas chromatography. Hz in excess. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

M Reference Comments 

Ar Ahumada et al. (1972)1 (a) 
H2 
He 
Ar, He Westenberg and deHaas (1972)2 (b) 
Ar, He Kurylo (1972)3 (c) 
Hl Kochubei and Moin (1973)4 (d) 
Ar Wong and Davis (1974)5 (e) 
He Hack el al. (1974)6 (f) 
H2 Dixon-Lewis el al. (1975)' (g) 

Ar Hack (1977)11 (h) 
N2 Slack (1977)9 (i) 
Ar Chiang and Skinner (1979)10 (j) 
H2 Nielsen el al. (1982)11 (k) 
Ar Pamidimukkala and Skinner (1982)12 (I) 
Ar Pratt and Wood (1983)13 (m) 
Ar Troe et al. (1985)14 (n) 
N2 
C~ 

He Kaufman et al. (1987)15 (0) 
N2 
HzO 
Ar Klemm el al. (1989)16 (p) 

Ar Baulch el al. (1972)17 
Hz 
Ar Baulch et al. (1980)111 
Nz 
O2, N2 Tsang and Hampson (1986)19 

(e) VUV flash photolysis of CHJO:zIM mixtures. [H] by 
Lyman u resonance fluorescence. Relative efficien
cies Ar : He : H2 : Nz : CH4 = 1.0: 0.93 : 2.8 : 22 at 
300 K. 

(f) Discharge-flow study; [H] and [OH] by ESR. 
(g) Numerical simulation of Hz/OJNz flames. Relative ef

ficiencies Hz : Oz : Nz : H20 = 1.0: 0.35 : 0.44 : 6.5. 
(h) Discharge-flow study; [H], [0], and [OH] by ESR. 
(i) Shock heating of Hz/air mixtures. OH and H20 ob

seIVed by emission at 307 nm and 2.7 J..Lm, respec-
tively. Modelling of induction times near to the 
second explosion limit; results very sensitive to k. 

G) Decomposition of H-JO-J Ar mixtures behind reflected 
shock waves; [H] by Lyman a resonance absorption. 
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(k) Pulse radiolysis of H2 with small amounts of O2; [H02] 
monitored by absorption at 230 nm. 

(I) Shock heating of rich and stoichiometric H-zlO-zlAr 
mixtures. [0] by resonance absorption. 

(m) Discharge-flow system; [H02] by gas chromatogra
phy, other products by mass spectrometry. 

(n) Laser flash photolysis of NH3 in the presence of ex~ 
cess O2• Total pressures between 1 and 200 bar. H02 

monitored by absorption at 220 nm. Reaction found 
to be in the fall-off range; extrapolation to limiting 
low- and high-pressure rate coefficients. 

(0) Flow reactor; H generated by microwave discharge or 
by thermal decomposition on a W filament. [H] by 
resonance absorption, [OH] by resonance fluores
cence. 

(p) Flash photolysis of either NH3 or H20 in the reflected 
shock regime. [H] monitored by atomic resonance ab
sorption spectroscopy. 

Preferred Values 

k ..... 1.7-10-30 T-o.s cm6 molecule-2 S-1 over range 300-
2000 K for M = Ar 

k = 5.8.10-30 T-o.s cm6 molecule-2 S-1 over range 300-
2000 K for M = H2 

k = 3.9.10-30 T-o.s cm6 molecule-2 S-1 over range 300-
2000 K for M = N2 

k = 4.3.10-30 T-o.s cm6 molecule-2 S-1 over range 300-
2000 K for M = H20 

Reliability 
.1.log k = ± 0.5 over range 300-2000 K 

Comments on Preferred Values 
The value preferred by Baulch et al.2 has been 

adopted. 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al. l7 for Ref.). 

References 

IJ. J. Ahumada, J. Y. Michael, and D. T. Osborne, J. Chern. Phys. 57, 
3736 (1972). 

2A. A. Westenberg and N. deHaas, J. Phys. Chern. 76, 1586 (1972). 
3M. J. Kurylo, J. Phys. Chern. 76, 3518 (1972). 
4y. F. Kochubei and F. B. Moin, Vkr. Khim. Zh. 39, 888 (1973). 
5W. Wong and D. D. Davis, Int. J. Chern. Kin. 6, 401 (1974). 
6W. Hack, K. Hoyermann, and H. Gg. Wagner, Z. Naturforsch. 29A, 

1236 (1974). 
7G. Dixon-Lewis, J. B. Greenberg, and F. A. Goldsworthy, 15th Symp. 

(Int.) Combust., 717 (1975). 
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Westenb_q and DeHaas 1972 
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Wonq . and Davis 197" 
Hacic 1977 
Chlanq and Skinner 1979 
Pratt and Wood 1983 
T,.o. "t gJ t 9a~ 
Clyne 1983 
Clyne and Thrush 1963 
Larlcin and Thrush 1984 
Cetzin9er and Schott 1965 
o.t~I",~_ and BIoi,. , 9GG 
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CGy and Pratt 1969 
Cetlinger and Blair 1969 
Blsh~ and Dorfman 1970 
Blair and Cetzin9er 1970 
Westenb_g et al 1970 
Hlkida et at 1971 
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H + H (+M) ~ H2 (+M) 

Thennodynamic Data 
tJr298 - 436 kJ mol-1 

M"298 = -98.6 J K-lmol-l 
Kp = 3.19-10-2 T- 1•28 exp( + 52100/T) atm-1 

Rate Coefficient Data 

RareCoe~ckntj{eanuemen" 
8.1-10-33 

7.0-10-33 

9.2-10-33 

1.6-10-32 

1.2-10-32 

2.8'10-33 

2.5'10-31 T- 06 

9.2-10- 31 T-081 

1.8-10-29 T-133 

5.6'10-32 T-031 

3.3,10-32 

1.9'10-32 

8.5,10-33 

6.9'10-33 

8.0-10- 33 

9.6'10- 33 

1.5.10-32 

2.8,10- 31 

1.3'10-32 

2.2'10- 32 

Reviews and Evaluations 
1.8.10-30 T-I0 

7.2-10- 30 T-l.O 

8.3-10- 33 

1.5-10-29 T-l.3 

T[K] 

298 
298 
298 
298 

1300-1700 
77-295 
77-295 
77-295 

300-1800 
300 
300 
298 
298 
298 
298 
300 
297 
297 
297 

2500-5000 

300 
77-2000 

Comments 

M 

H2 
He 
Ar 
He 
Ar 
Ar 
H2 
Ar 
N2 

(a) Flow tube; H atoms generated thermally on a heated 
W filament. [H] monitored by energy release of cata
lytic recombination. Total pressures 2-15 Torr. 

(b) Jet system; H generated by microwave discharge and 
monitored by ESR. 

( c) Shock initiated combustion of rich HzlOzl Ar mixtures. 
lOHJ monitored by resonance absorption at 306.7 
nm. Computer simulation of a 16 reaction mechanism 
sensitive to k. 

(d) Numerical simulation of HJOJN.l flames. Equal colli
sion efficiencies for all molecules assumed. 

(e) Discharge-flow system. [H] by use of a hot wire detec
tor or isothermal calorimeter. 

(f) H atoms generated by Hg photosensitization ofH2 and 
monitored by Lyman ex absorption spectroscopy. To
tal pressures 500--1500 Torr. 

(g) Flow tube, EPR detection. 

Preferred Values 

k = 1.8'10-30 T-l.O cm6 molecule-2 S-1 over range 300-
2500 K for M = Ar 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Trainor, Ham, and Kaufman (1973)1 (a) 

Azatyan etal. (1973)1 (b) 

Mallard and Owen (1974)3 (c) 
Walkauskas and Kaufman (1975)4 (a) 

Dixon-Lewis et al. (1975)5 (d) 
Haraguchi (1975)6 (e) 

Lynch, Schwab, and Michael (1976)' (t) 

Haraguchi and Kumagai (1978)8 (e) 
Grigoryan (1980)9 (g) 

Baulch et al. (1972)10 

Tsang and Hampson (1986)11 

k = 2.7.10-31 T-06 cm6 molecule-2 S-1 over range 100-
5000 K for M = H2 

Reliability 
Alog k = ± 0.5 over whole temperature range 

Comments on Prefe"ed Values 
The value preferred by Baulch et al. lo has been 

adopted. The arguments given there are accepted, 
and the values measured after 1972 do not contradict 
this recommendation. 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.lO for 
Ref.). 
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Nauk SSSR 213, 856 (1973). 

3W. G. Mallard and J. H. Owen, Int. I. Chern. Kin. 6,753 (1974). 
4L, P. Walkauskas and F. Kaufman, 15th Symp. (Int.) Combust., 691 
(1975). 

5G. Dixon-Lewis, J. B. Greenberg, and F. A Goldsworthy, 15th Symp. 
(Int.) Combust., 717 (1975). 
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(1976). 

sr. Haraguchi, Kitakyushu Kogyo Koto Semmon Gakko Kenkyu 
Hokoku 9, 39 (1975). 
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lOD. L. Baulch, D. D. Drysdale, D. G. Horne, and A. C. Lloyd, "Eval
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Butterworths (1972). 
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H + OH (+ M) ~ H20 (+ M) 

Thennodynamic Data 
Mr298 = - 499 kJ mol- 1 

~298 = -109JK- 1mol- 1 

1(" = 3.6,10-3 T-l.2 exp( + 59800/T) atm- 1 

Rate Coefficient Data 

Rate Coefficient Measurements 
2.1'10- 24 T-2.6 

4.1'10-23 T-26 

8.8,10- 33 

2.2,10-32 

8.8,10-33 

7.S·1O- n 

< 1'10-32 

2.1'10-32 

8.3,10-33 exp( + 750/T) 
4.3·1O-'~'i T-'u, 
1.0-10-28 T-l 

Reviews and Evaluations 
2.3.10- 26 T-2,O 

6.1,10- 26 T-2.0 
3.9-10- 25 T-20 

6.1,10- 26 T-2.0 

T[K] 

2570-3290 
2570-3290 

1900 
1900 
1900 
1900 
1900 
2130 

300-1800 
220-300 

1000-3000 
1000-3000 
1000-3000 
300-3000 

Comments 

M 

He 

(a) Dissociation of water vapour in Ar behind shock 
waves; [OH] measured by flash absorption near 310 
nm. k-l obtained, k calculated from thermodynamic 
equilibrium. 

(b) Study of rich premixed H:z/02 flames; [H] monitored 
by Li/LiOH technique. Experimental data reanalysed 
in Ref. 3. 

( c) Fuel-lean H:z/O:z/N2 flames at atmospheric pressure; 
[H] by Li/LiOH method. 

(d) Numerical simulation of H:z/O:z/N2 flames; assumed 
equal collision efficiencies for H2, N2, and 02. k(H20) 
= 5 k(N2). Results not very sensitive to the chosen 
values of k. 

(e) Discharge~flow system; [OH] by resonance fluores
cence. Total pressures 3-11 Torr. Relative third body 
efficiencies at 300 K He : Ar : N2 : CO2 = 1 : 1.5 : 3.2 
: 6. 

(f) Modelling study of premixed lean HJO:z/N2 flames. 

Preferred Values 

k = 2.3,10-26 T-2.O cm6 molecule-2 S-1 over range 300-
3000 K for M = Ar 

k = 6.1,10-26 T- 2•O cm6 molecule-2 S-1 over range 300-
3000 K for M =' N2 

k = 3.9.10-25 T-2.0 cm6 molecule-2 S-1 over range 300-
3000 K for M = H20 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reliability 

Reference 

Homer and Hurle (1969)1 

Halstead 
and Jenkins (1969,70)2.3 

Friswell and Sutton (1972t 
Dixon-Lewis ~t al. (1975)5 
Zt;lIll~r et ul. (1977t 
Goodings and Hayhurst (1988)' 

Daukh cl al. (1972)11 

Tsang and Hampson (1986)9 

~log k = ± 0.3 for M = Ar 
Alog k = ± 0.5 for M = N2 
Alog k = ± 0.5 for M = H20 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 

(c) 
(d) 
(~) 

(f) 

The value preferred by Baulch et al.(1972)8 has been 
taken. The arguments given there are accepted, and the 
values measured after 1972 do not contradict this recom
mendation. 

References 

IJ. B. Homer and I. R. Hurie, Proc. Roy. Soc. A314, 585 (1%9). 
2e. J. Halstead and D. R. Jenkins, 12th Symp. (Int.) Combust., 979 

(1969). 
3C. J. Halstead and D. R. Jenkins, Comb. Flame 14, 321 (1970). 
4N. J. Friswell and M. M. Sutton, Chern. Phys. Lett. IS, 108 (1972). 
5G. Dixon-Lewis, J. B. Greenberg, and F. A. Goldsworthy, 15th Symp. 

(Int.) Combust., 717 (1975). 
6R. Zellner, K. Erler, and D. Field, 16th Symp. (Int.) Combust., 939 

(1977). 
7J. M. Goodings and A. N. Hayhurst, J. Chern. Soc., Faraday Trans. II, 
84, 745 (1988). 

8D. L. Baulch, D. D. Drysdale, D. G. Home, and A. C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the Hr02System", London, 
Butterworths (1972). 
~. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data IS, 1987 

(1986). 
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Homer and Hurle 1969 
Holstead and Jenkins 1970 
triswell and Sulton 1972 
Boyd et 01 1973 
Jensen and Jones 1974 
Dixon-Lewis 1975 
Goodings and Hayhurst 1988 
Frost and OJdenberg 1936 
OJdenberg and Rieke 1939 
Bulewicz and Sugden 1958 
Padley and Sugden 1958 
Black and Porter 1962 
Dixon-Lewis et 01 1962 

McAndrew and Wheeler 1962 
Rosenfeld and Sugden 1964 
Dixon-Lewis et at 1965 
Zeegers and Alkemade 1965 
Getzinger and Blair 1969 
Jenkins et 01 1967 
Macfarland and Topps 1967 
Gay and Pratt 1969 

This Recommendation 1989 

2.5 

300 

e 

o 

3.0 3.5 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 



498 

2000 

-30.0 

-30.5 

-31.5 

-32.0 

o 05 

BAULCH ET AL. 

H + OH + N2 ~ H20 + N2 

T/K 
1000 

1 0 

500 

o 
Do 
A 
o • r----I 
4 
e 

i---1 

1.5 2.0 

1 03T-l /K- 1 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

400 

EXPERI'UENT.AL DATA 

Halstead and Jenkins 1970 
Dixon-Lewis 1975 
Blocle and Potter 1962 
Oixon-Lewis et at 1962 
MeAndrew and Wheeler 1962 
Rosenfeld ond Sugden t 96. 
SchoU ond Bird 1 ?64 
Dixon-lewis et at 1965 
Zeegef'S ond Allcemade 1965 
Cetzinqer and Blair 1969 
Coy and Pratt 1969 
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Thennodynamic Data 
M:li98 (1) = -228 kJ mol- 1 

~298 (1) = -7.96 J K-1mol- 1 

Kp(I) = 4.58 T-0331 exp( + 27300IT) 

M:li98 (3) == -221 kJ mol- 1 

~2911 (3) = 6.06 J K-1mol- 1 

Kp(3) 1.56·1()2 T -0621 exp( + 26300IT) 

Rate Coefficient Measurements 
k1 / kl / k3 = 0.62 : 0.27 : 0.11 
kl == 2.7-10- 11 exp( -180IT) 
kl 3.8-10- 111 exp( -930fT) 
k3 / k2 .... 0.1 
kd k = 0.29 
k2f k = 0.02 
k" I k - 0.69 
4.7-10- 11 

kl = 4.6-10- 11 

kl == 9.0-10- 10 exp( -915fT) 
k3 8.3.10-11 exp( -915IT) 
k2 3.3'10- 11 

5.0-10- 11 

kl = 6.7-10-12 

k2 = 6.4'10- 11 

k3 = 3.0-10-12 

k21 kl 27.54 exp( -737IT) 
k. == 7'10- 12 

k2 7.8'10- 11 

k3 = 2-10- 12 

Reviews and Evaluations 
kl = 4.2'10- 11 exp( -349fT) 
k2 == 4.2-10- 10 exp( -950IT) 
kl = 1.4,10-11 

k2 = 3.2'10- 11 

k3 ~ 9.5-10- 13 

k2 = 4.8,10- 11 

kl I k2f k3 == 0.42 : 1 : 0.03 
kl == 4.2-10- 11 exp( -350fT) 
k2 = 2.5,10- 10 exp( -505IT) 
k1 = 1.1.10-10 exp( -1070fT) 
k2 = 2.8-10-10 exp( -440fT) 

Comments 

H + H02 -+ H2 + O2 (1) 

T[K] 

298 
300-1000 

293 

293 
758-850 

349 
298 
296 

231-464 
245-300 

290-800 

298 

298 

300-1000 
300-1000 
300-2500 

-+ OH + OH (2) 
-+ 0 + H20 (3) 

M:li98 (2) = -150 kJ mol- 1 

AS'298 (2) = 23.6 J K-lmol-l 
Kp(2) = 2.5,103 T-0678 exp( + 17800/T) 

Rate Coefficient Data 

Reference 

Westenberg and deHaas (1972)1 
Day et al. (1973)2 

Hack, Wagner, and Hoyermann (1978)3 

Hack, Preuss, and Wagner (1979)4 
Baldwin and Walker (1979)5 

Pagsberg et al. (1979)6 
Thrush and Wilkinson (1981)7 
Sridharan, Qiu, and Kaufman (1982)8 

Pratt and Wood (1983)9 
Keyser (1986)10 

Baulch el al. (1972)11 

Baulch et al. (1980)12 

Kaufman and Sherwell (1983)13 

Warnatz (1984)14 

Tsang and Hampson (1986)15 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

(f) 
(g) 
(h) 

(i) 
(j) 

(e) Recalculated because of a revised value for k (H + 
O2) ~ OH + O. 

(a) Discharge-flow system; absolute [H] and steady-state 
[OH] and [0] by electron spin resonance. 

(f) Pulse radiolysis of gaseous ammonia - oxygen mix
tures at atmospheric pressure; [NH2], [NH], and 
[OH] measured by UV absorption spectroscopy. Nu
merical integration of 23 reaction mechanism and fit
ting of unknown rate parameters to experimental 
results. 

(b) Numerical modelling of burning velocities of rich Hz} 

02IN2 flames. Parameters not very accurate. 
(c) Discharge-flow system; H02 from H + O2 recombina

tion. [H], [0], and [OH] monitored by electron spin 
resonance. Total pressure near 5.102 Pa. k estimated 
to lie in the range (3.3-7.3)'10- 11 cm3 molecule- 1 S-I. 

(d) Discharge-flow system; H02 from F + H202 reaction 
or from H + O2 + M recombination. [OH] and 
[H02] observed by laser magnetic resonance. Total 
pressures 5()(}-SOO Pa and 130 Pa. 

(g) Discharge-flow system; H02 steady-state concentra
tion measured by laser magnetic resonance. Total 
pressures 2.5-3.2 Torr. Given rate based on a relative 
collision efficiency of Oz} Ar = 3 : 1 in H + O2 + M 
recombination. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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(h) Flow system; H02 from F + H20z reaction. [H02] 

monitored by conversion to OH with excess NO, [H] 
and [0] by VUV resonance fluorescence, [OH] by 
laser induced fluorescence. Total pressures near 2.5 
Torr He. 

(i) Discharge-flow system; H02 from H + O2 + M re
combination. Product analysis by mass spectrometry 
and gas chromatography. Total pressures 2-10 Torr 
Ar. 

G) Flow system; H02 from F + H20 2 reaction. [OH], [0], 
and [H] monitored by resonance fluorescence, [H02] 

by quantitatively converting it to OH with an excess 
of NO. 

Preferred Values 

kl 7.1,10- 11 exp( -710fT) cm3 molecule- 1 S-1 over 
range 300-1000 K 

k2 2.8-10- 10 exp( -440fT) cm3 molecule- I 5- 1 over 
range 300-1000 K 

k3 5.0·10- 11exp( - 866fT) cm3 molecule -1 S-l over 
range 300-1000 K 

Reliability 
alog k = ± 0.3 for total rate coefficient over range 

300-1000 K 
20 % error on branching ratios for (1) and (2), 100 % 

for (3) 

Comments on Preferred Values 
For the reaction leading to Hz and 02 the recommen

dation is based on the relatively small rate coefficients at 
low temperature measured with modern methods and on 

J. Phv" -:::hem. Ref. Data, Vol. 21, No.3, 1992 

the spare high temperature values. For the reaction lead
ing to OH + OH, the recommendation of Tsang and 
HampsonlS is adopted which is similar to the recommen
dation of Warnatzl4

• 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et alY for Ref.). 

References 
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Thermodynamic Data 
Mrz98 = 62.9 kJ mol- 1 

asom == 10.9 J K-1mol- 1 

Kp 8.85 T-o.084 exp( -7680IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
5.2'10- 10 exp( -11100IT) 
4.6,10- 10 exp( -11558IT) 

1160-1390 
1246-2297 

Madronich and Felder (1984)1 
Michael and Sutherland (1988)2 

(a) 
(b) 

Reviews and Evaluations 
1.5.10-10 exp( -10248IT) 
1.0.10-16 T19 exp( -9260IT) 

300-2500 
400-2400 

Baulch et al. (1972)3 
Tsang and Hampson (1986)4 

Comments 

(a) Flash photolysis of H20; [OH] by time resolved reso
nance fluorescence. Total pressures near 200 Torr. 
Experimental difficulties due to H atom diffusion. 

(b) Shock tube; H atoms produced by flash photolysis of 
H20/Ar mixtures. [H] as a function of time by atomic 
resonance absorption spectroscopy. 

Preferred Values 

k = 7.5,10- 16 T 1.6 exp( -9270/T) cm3 molecule- 1 S-1 over 
range 300-2500 K 

Reliability 
Alog k ± 0.2 over range 300-2500 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Prefe"ed Values 
The recommended rate coefficient is based on the 

spare high temperature measurements and rate data of 
the reverse reaction combined with the equilibrium con
stant. 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.3 for Ref.). 
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ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the H2-02System", London, 
ButteIWorths (1972). 
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H + H20 2 ~ H02 + H2 (1) 
~ OH + H20 (2) 

Thennodynamic Data 
M-l298 (1) -71.4 kJ mol- 1 

ilSm8 (1) 12.1 J K-1mol-1 
~98 (2) = -285 kJ mol- 1 

~98 (2) = 24.8 J K- 1mol- 1 

Aj,(I) = 5.65·1()2 T- 0694 exp( + 83101T) Kp(2) 1.59·IOS T- t29 exp( + 33700IT) 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule- 1 S-1] T[K] Reference Comments 

Rate Coefficient Measurements 
k21 kl = 10 870-1000 Kijewski and Troe (1971)1 (a) 

(b) 
(c) 
(d) 

k21 kJ = 3.0 298 Gorse and Volman (1974)2 
I<z I 1<1 = L'.l 7QR Heidden ann Meagher (1<)74)3 

(Ez-El)1 R = 2030 K 294-753 Baldwin et at. (1974)4 
A2! At = 100 

5.2.10- 12 exp( -1400IT) 283-353 Klemm et al. (1975)5 (e) 

Reviews and Evaluations 
k1 = 2.8,10- 12 exp( -1890IT) 300-800 Baulch et 01. (1972)6 
k2 = 3.7,10-9 exp( -5906/T) 400-800 
kl = 2.8,10- 12 exp( -lR90IT) 3()(hR00 Warnatz (1984)7 
k2 = 1.7.10- 11 exp( -1805IT) 300-1000 
kl 8.0-10 -11 exp( - 4005/T) 300-2500 Tsang and Hampson (1986)8 
k2 4.0-10- 11 exp( -2000/T) 300-2500 

Comments 

(a) Thermal decomposition of H20 2 behind reflected 
shock waves in Ar carrier gas (density = 5-10-5 mol 
cm - 3) with added H2. [H20 z] by absorption measure
ments at 280 nm, [H02] by absorption at 230 nm. Rel
ative rate estimated from the maximum HO l yield in 
the quasi-stationary period of the reaction. Computer 
simulations of the system were only successful with kl 
> 1.7-10- 13 cm3 molecule- 1 S-I. 

(b) Photolysis of H20 2 at 254 nm in the presence of CO; 
mass spectrometric analysis. kl / kl derived from rela
tive yields of CO2 and H2• 

(c) Photolysis ofH202 at 253.7 nm in the presence of CO. 
Rate of CO2 production monitored by quadrupole 
mass spectrometry. Total pressure near .50 Torr N2. 

(d) Combination of the results of Baldwin et al.9 with 
those of Albers et al.10 for H20 2 + D assuming small 
isotopic effects. 

( e) VUV flash photolysis of H20:z/He to yield H. [H] mon
itored by Lyman-a resonance fluorescence. Below 
1000 K channel (2) was found to be predominant. 

Preferred Values 

kl 2.8-10- 12 exp( -1890IT) cm3 molecule-lover 
range 300-1000 K 

k2 1.7.10- 11 exp( -1800/T) cm3 molecule- 1 S-1 over 
range 300-1000 K 

J. Phys_ Chem. Ref. D~bJ. Vol. 21, No.3, 1992 

Reliability 
i.llog kl ± 0.3 over range 300-1000 K 
i.llog k2 = ± 0.3 over range 300-1000 K 

Comments on Preferred Values 
The values preferred by Warnatz7 have been adopted. 

The arguments given there are accepted, and the values 
measured after 1984 do not contradict this recommenda
tion. 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.6 for Ref.). 
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H + NH -+ H2 + N 

509 

Thennodynamic Data (See Comments on Pre/erred Values) 
A/fj,98 = -102kJ moI-l 
M"298 = -12.0 J K-1mol-1 

Kp ::;: 0.497 T-o l02exp( + 12200/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
::::: 1.7'10- 11 1790-2200 Morley (1981)1 (a) 

Reviews and Evaluations 
- 5.10- 11 1790-2200 Hanson and Snlimian (1984)2 (b) 

Comments 

(a) H-j02iAr flames doped with CH3CN. [NH] monitored 
by laser induced fluorescence. Accuracy limited by 
calibration for NH. k also calculated from the results 
of Haynes3 assuming mole fraction of H2 = 5.7-10-2 

and K = 3 in his conditions. 
(b) Review of experimental measurements. Recommends 

value of Morley1. 

Preferred Values 

k 1.7-10-11 cm3 molecule- 1 S-1 over range 1500-2500 K 

Reliability 
alog k = ± 1.0 over the range 1500-2500 K 

Thennodynamic Data (See Comments on Preferred Values) 
!J..H298 = -Sl.9kJ mol- 1 

AS~!l 2.54 J K-1mol- t 

Kp 5.24 T-0 156exp( +6090/T) 

Comments on Preferred Values 
The only experimental determinations are those of 

MorleyI and of Haynes3 recalculated by Morleyl, 
The value of Morley is recommended and, since the 

rate coefficient is expected to have only a small tempera
ture coefficient, the recommendation is made for a wider 
temperature range than that of the measurements but 
with substantial error limits to accomodate any error in
troduced by this extrapolation. 

The thermodynamic data should be used with caution. 
There are significant uncertainties associated with the 
data on NH. 

References 

lC. Morley, 18th Syrup. (Int.) Combust., 23 (1981). 
2R. K. Hanson and S. Salimian, in "Combustion Chemistry", ed. W. C. 

Gardiner, Springer-Verlag, New York (1984). 
3B. S. Haynes, Comb. Flame 28, 113 (1977). 

Rate Coefficient Data 

molecule- l S-l] T[K] Reference Comments 

Reviews and Evaluations 
Baulch et al. (1974)1 (a) 

5.(}O1O-11 exp( -4600/T) 1800-3000 Lesclaux (1984)2 (b) 
3.16'10- 11 2400-3000 Hanson and Salimian (1985)3 (c) 

Comments Preferred Values 

(a) Review of data to 1973. Alternative addition channel 
yielding NH3 assumed dominant. 

k 1.0.10-11 cm3 molecule- 1 S-1 over range 2000-3000 K 

(b) Evaluation. Value of k based on Yumura et al.6
• 

( c) Review of data. 
Reliability 

alog k = ± 1.0 over the range 2000-3000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Comments on Preferred Values 
All of the available data have been reviewed1,2,3. 

At low temperatures there are two measurements of k 
differing by a factor of 4. There is an alternative channel 
(H + NH2 + M --+ NH~ + M) which may be important 
at low temperatures (see data sheet on NH3 + M). We 
make no recommendation for this temperature regime. 

At high temperatures (1800-3000 K) the results from 
three studiesS

,6,7 of shock tube pyrolysis of NH3 scatter 
over an order of magnitude. Two of theses,7 depend upon 
measurements of kl and equilibrium data. The value of 
Rooses plotted is a value which supersedes an older value 
from the same laboratory9. The recommended value is 
based on the values from all three studies with substantial 
error limits. 

The thermodynamic data should be used with caution. 
There may be significant errors in the data on NH. 

Thennodynamic Data 
Al-Jg98 = - lO.glcJ mol- 1 

dS298 = 3.44 J K -lmol-1 
K.p = 3.64 T-o 11 exp( + 1220/T) 

References 

1D. L. Baulch, D. D. Drysdale, D. G. Horne, and A. C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1, Homoge
neous Gas Phase Reactions of the Hr-Nr02System, Butterworths, 
London. 

2R. Lesclaux, Rev. Cbem. Intermed. 5, 847 (1984). 
3R. K. Hanson and S. Salimian, in "Combustion Chemistry", ed. W. C. 

Gardiner, Sprin-ger-Verlag, New York (1984). 
4A. W. Boyd, C. Willis, and O. A. Miller, Can. J. Chem. 49, 2283 (1971). 
5T. T. Roose, Ph. D. Thesis, Stanford University (1981), reported in 

Ref.3. 
6M. Yumura and T. Asaba, 18th Symp. (Int.) Combust., 863 (1981). 
7J. E. Dove and W. S. Nip, Can. J. Chern. 57, 689 (1977). 
sp. B. Pagsberg, J. Eriksen, and H. C. Christensen, J. Pbys. Chem. 83, 

582 (1979). 
9'J'. R. Roose, R. K. Hanson, and C. H. Kruger, Proc. 12th Int. Symp. 

Shock Tubes and Waves, Magnus, Hebrew Univ. Press, Jerusalem, 
476 (1980). 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
2.7'10- 10 298 

2000-2800 
298 

Bohland and Temps (1984)1 (a) 
(b) 
(a) 

1.3'10- 11 

1.8'10- 10 
Frank, Bhaskaran, and Just (1986)2 
Bohland, Temps, and Wagner (1987)3 

Reviews and Evaluations 
2.7'10- 10 298 Tsang and Hampson (1986)4 (c) 

Comments 

(a) Discharge flow with LMR detection of 3CH2• H pro
duced from discharge through H2, 3CH2 by discharge 
through ketene. 

(b) Absorption spectroscopy study of H and CO following 
thermal dissociation of dilut~ k~ten~ in argun b~hilld 
reflected shocks. 

( c) Based on Ref. 1. 

k 

Preferred Values 

1.0.10- 11 exp( +900/T) cm3 molecule- 1 S-1 over 
range 300-3000 K 

Reliability 
~log k = ± 0.7 

Comments on Preferred Values 
Bohland et al.3 demonstrated that, when their value is 

combined with the reverse rate coefficient of Zabarnick 
et al.5

, an estimate of 389 kJ mol- 1 is obtained for 
Ml[298CCH2), in good agreement with the accepted value. 

J. Phys. Chern. Ref. Data, Vol. 21, No.3, 1992 

Frank et al.2 argue that the rate coefficient must decrease 
with temperature and that a value as high as that of Boh
land et al.3 is not compatible with their high temperature 
data. LOhr and Roth6 found some evidence for a high 
temperature value of 5-10-11 cm3 molecule- 1 

S-1 but the 
technique was less direct than that of Frank et al., and 
lSubj~(;t lu lSignifkant un(;~rtainty. In vi~w uf lh~ large dis
crepancy between the estimates of Refs. 2 and 3, a nega
tive temperature dependence is proposed, compatible 
with a mechanism involving a CH3 association complex. 
Large uncertainties are attached. 

References 

IT. Bohland and F. Temps, Ber. Bunsenges. Phys. Chern. 88,459 (1984). 
2P. Frank, K. A. Bhaskaran, and Th. Just, J. Phys. Chern. 90, 2226 

(1986). 
~. BOhland, F. Temps, and H. Gg. Wagner, J. Pbys. Chem. 91, 1205 

(1987). 
4W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data, 15, 1087 

(1986). 
5S. Zabarnick, J. W. Fleming, and M. C. Lin, J. Chem. Phys. 85,4373 

(1986). 
6R. LOhr and P. Roth, Ber. Bunsenges. Phys. Chem. 85, 153 (1981). 
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H + CH3 -+ H2 + 1CH2 (1) 
H + CH3 (+ M) -+ CH4 (+ M) (2) 

Thermodynamic Data 
tJli98 (1) = 61.0 kJ mol- 1 

~8 (1) = 10.7 JK-1mol- 1 

Kp(I) = 23.7 T-O.s7 exp( -7640IT) 

Rate Coefficient Measurements 
kl ::: 3.001O- 10exp( -7580IT) 

Comments 

T[K] 

1700-2300 

Mr298 (2) ::: - 439 kJ mol- 1 

~98 (2) = -123 J K-1mol- 1 

Kp(2) "" 1.76.10-4 T-1.06 exp( + 52700/T) atm-1 

Rate Coefficient Data 

Reference 

Bhaskaran et al. (1979)1 

Comments 

(a) 

molecule- t S-I, this evaluation) withKp givesk = 2.8-10-9 

T-u·:I'exp( -7640/T) em'; molecule- l S-1 over the temper-
(a) Shock tube study using atomic resonance absorption 

spectroscopy. 
ature range 300-1000 K, a factor, at 1000 K, of 6 below 
that predicted by extrapolation of the Arrhenius expres
sion of Bhaskaran et al. l

, It is possible, although unlikely, 
that the rate coefficient for the reverse reaction increases 
with temperature. A preferred rate coefficient midway 
between the thermodynamic value and that of Bhaskaran 
et al. l has been adopted to accommodate this possibility. 

Preferred Values 

k 1.0-10-10 exp( -76oo/T) cm3 molecule- 1 S-1 over 
range 300-2500 K 

Reliability 
~log k = :t: 1.0 

Comments on Preferred Values 
Combining the well established low temperature rate 

coefficient for the reverse reaction (1.2'10 -10 cm3 

Reference 

11(. A Bhaskaran, P. Frank, and Th. Just, 12th Shock Tube Symposium, 
Jerusalem (1979). 
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H + CH3(+M) ~ CH4(+M) 

Thermodynamic Data 
M:li98 -439 kJ mol- 1 

M"'298 -123 J K- 1mol- 1 

Kp "'" 1.76-10-4 T-I 06 exp( +S2700/T) atm- 1 

Rate Coefficient Data 

k[cm3 moleeule- 1 5-1] T[K] [M] [molecule cm- 3] Reference Comments 

Rate Coefficient Measruements 
Low Pressure Range 

[He] 3.2-10-29 504 (4.8-76.7)'1017 (He) Brouard et al. (1985)1 (a) 
[He] 4.0-10-29 300-600 (4.8-163.5)-1017 (He) Brouard et al. (1989)2 (a) 

lntennediate Fall-off Range 
6.6-10- 12 298 (5.2-10.0)'1016 (Ar) Brown et al. (1966)3 (b) 
1.7-10- 11 293 2.2'1017 (He) Dodonov et al. (1969t (e) 
3.9,10- 12 290 2.7.1017 (Ar) Halstead et al. (1970)5 (d) 
6.6-10- 12 5.4-1017 

1.8-10- 12 303-603 2.0,1016 (Hz) Teng and Jones (1972)6 (e) 
2.0010- 12 300 2.4-1016 (He) Michael et al. (1973)' (f) 
5.5-10- 12 8.1,1016 

8.0010- 12 11.1-1016 

1.8.10-12 503-753 1.3-1017 (Ar) Camilleri el al. (1974)8 (g) 
3.6'10-12 2.6'1017 

3.0010- 12 295 2.0'1017 (He) Pratt and Veltmann (1974)9 (h) 
7.4-10- 12 4.9'1017 

6.7-10- 12 321 2.4-1017 (He) Pratt and Veltmann (1976)10 (b) 
5.2-10- 12 415 1.9'1017 

3.4'10- 12 521 1.5'1017 

0.53-10- 10 308 0.94-1018 (ezfln) Cheng and Yeh (1977)11 (i) 
1.8-10-10 3.1-1018 

2.5-10- 10 9.4'1018 

2.8'10- 10 25.1-1018 

3.0010- 10 72.1-1018 

2.6-10- 12 640-818 9.8'1016 (Ar) Sepebrad et al. (1979)12 m 
4.7-10- 12 18.5-1016 

2.0010- 10 296 2.5'1017 (Nz, Hz) Sworski et al. (1980)13 (k) 
1.52-1O-11 504 4.8'1017 (He) Brouard el ai_ (1985)1 (a) 
1.86-10- 11 9.6.1017 

3.44-10- 11 19.3'1017 

5.31-1O- 11 38.5.1017 

7.75,10- 11 76.7.1017 

2.26-10- 11 301 0.81-1018 (He) Brouard et al. (1989)2 (a) 
3.52'10- 11 1.0·lU111 

6.36-10- 11 3.3.1018 

14.0010-11 9.8'1018 

18.2-10-11 16.3'1018 

1.35'10- 11 401 0.61'10111 

2.52·10- 11 1.2.1018 

4.44,10- 11 2.4.1018 

10.1,10- 11 8.4'1018 

14.4'10 11 14.7·}0111 
2.11,10- 11 601 1.7'1018 

3.78·1O- ll 4.9'1018 

6.18,10- 11 11.4'1018 

High Pressure Range 
1.5'10- 10 300 (1.6-32.2)'1018 (Ar, SF6) Patrick et al. (1980)14 (I) 
3.5-10- 10 504 (4.8-76.7)'1017 (He) Brouard et al. (1985)1 (a) 
4.7-10- 10 300 (8.1-16.4)'10111 (He) Brouard and Pilling (1986)15 (a) 
4.7'10- 10 300-600 (8.1-16.4).10111 (He) Brouard et al. (1989)2 (a) 

Reviews and Evaluations 
ko = [Ar] 2.2-10-21 T- 3 300-2500 Warnatz (1984)16 (m) 
k«> = 1.0'10-7 T- 1 

k"" = 2.0-10- 9 T-04 300-1100 Tsang and Hampson (1986)17 (n) 
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Rate Coefficient Data - Continued 

T[K] [M] [molecule Reference Comments 

k"" = 4.23'10- 8 T-082 exp( -159/T) 
k"" 2.(}1O-9 T-04 

ko = [He] 6.2,10-29 (T/300)-1.8 
ko = [C2H.] 3.0,10- 28 (T/300)-1.S 
F c(He) exp( - 0.45 - T /3231) 
F c( C2H.) exp( - 0.34 - T /3035) 
k"" = 3.5'10-10 

Comments 

300-2500 
300-1100 
300-1000 
300-1000 
300-1000 
300-1000 
300-1000 

(a) 193 IlIIl photolysis of acetone, [CII3] and [II] by time
resolved UV absorption and resonance fluorescence 
respectively. [CH3] ;p [H]. k"", by RRKM/master equa
tion fit. 

(b) Discharge flow study of H + C2fu system. CH3 gen
erated by H + C2Hs ~ 2 CH3• ESR detection of H. 
Relied on Toby and Schiffs24 product yield analysis 
to interpret data. 

(c) Mass spectrometric study of species distribution in 
diffusion cloud; CH3 generated from H + C2fu, H + 
C3H6; H generated in discharge. 

(d) Discharge flow study of H + C2H 4 system; used GC 
analysis of CH4, C2ffi, C3Hs, and C4H lO• 

( e) Discharge flow study of H + C2fu system, products 
analysed by GC and simulated by numerical integra
tion. 

(t) Comparison of H + Cill4 data from high pressure 
pulsed Hg photosensitization-resonance absorption 
and low pressure discharge flow-mass spectrometry. 
Radical - atom reactions make greater contribution 
in latter study. Numerical integration. 

(g) Discharge flow study of H + Cill6 system. GC detec
tion of Cfu, Clfu, and C3Hs. Rate coefficients from 
fitting the reaction scheme using numerical integra
tion. Assumed kl independent of temperature. 

(h) Discharge flow study of H + C2fL system. Products 
detected by mass spectrometry. Rate coefficients by 
fitting 7 reaction scheme using numerical integration. 

(i) Steady-state Hg photosensitisation of C2ffi. Products 
detected by mass spectrometry. k"", by Lindemann 
plot. 

(j) Discharge flow study of H + CH4 system. Products 
detected by gas chromatography. Rate coefficients 
from numerical integration of 14 reaction scheme. 

(k) 160 nm photolysis of H20/Cfu mixtures. CH3 de
tected as function of time at 216 nm. Rate coefficient 
determined by fitting to 11 reaction scheme with H2 
and N2 diluent. 

(1) Flash photolysis of azomethane/ethene mixtures. 
Products analysed by gas chromatography. Rate coef
ficient determined by numerical integration of 9 reac
tion scheme, but probably low because (i) reaction 
(1) competes primarily with CH3 + CH3 and low rate 
coefficient was used for CH3 recombination, (ii) H + 
azomethane was neglected. km by RRKM fit. 

(m)Review of literature prior to 1980. 

(0) 
(p) 
(q) 

(n) The results of Cheng et al"', Sworski et al.13
, and 

Patrick et al.14 have been combined with the reverse 
rate determination of Chen et al.25 to derive the rec
ommended expression. A tabulation of log k/koo over 
the temperature range 300-2500 K from RRKM cal
culations is also given. 

(0) Single-channel hindered Gorin model RRKM calcu
lations of the CH4 decomposition with a fit to exper
imental results. Conversion to k"", via the equilibrium 
constant. 

(p) The results of Cheng etal. ll
, Sworski etalY, and 

Patrick et al. 14 have been combined with the reverse 
rate determination of Chen et al. 25 to derive the rec
ommended expression. 

(q) Theoretical calculation based on ko calculations from 
Ref. 21, the representation of fall-off curves from 
Ref. 22, and the koo treatment from Ref. 23. Collision 
efficiencies ~e at 300 K of 0.07 for M = He and of 
0.15 for M = C2H6 point to particularly inefficient 
energy transfer for which < 1lE > values may in
crease proportional to the temperature. Therefore, 
the temperature coefficient of ko at T ~ 1000 K was 
chosen as in the strong collision limit, Le., assuming 
~e to be temperature independent. The temperature 
coefficient of k"", was derived from SACM-modified 
PST calculations of Ref. 23 which also predicts the 
absolute value of k"", to be as recommended. The 
broadening factors contain a considerable weak colli
sion contribution, strong collision broadening factors 
being given by Fest: = exp( -0.09- T/3316). 

Preferred Values 

ko = [He] 6.2'10-29 (T/300)-1.8 cm3 molecule- 1 S-1 over 
range 300-1000 K 

ko = [Ar] 6.0-10-29 (T/300)-1.8 cm3 molecule- 1 S-1 over 
range 300-1000 K 

ko = [C2IL] 3.0,10-28 (T/300)-l.S cm3 molecule- 1 S-1 

over range 300-1000 K 
k"" = 3.5'10-10 cm3 molecule- 1 S-1 over range 300-

1000K 
Fe exp( - 0.45 - T /3231) for M = He, Ar 
Fe = exp( - 0.34 - T /3053) for M C2ffi 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 



514 BAULCH ET AL. 

Reliability 
Lllog ko = ± 0.3 for M = He over range 300-1000 K 
Lllog ko = ± 0.5 for M = Ar, C2lt; over range 300-

lOOOK 
..ilogk... ::!:: 0.3 over range 300 1000 K 
Me = ± 0.1 over range 300-1000 K 

Comments on Preferred Values 
The preferred values are chosen from a comparison of 

a recent theoretical modelling by Cobos and Troe20 with 
the most extensive experimental data from Pilling and 
coworkers1

,2 for the bath gas He. This model points to 
comparably low J3e and <!lE > values such that a positive 
temperature coefficient of < t:,E > and a temperature in
dependent Be in agreement with the fit to the experiments 
appears not unconceivable. The high pressure limit is 
based mainly on the data by Cheng and Yehll in accord 
with the theoretical prediction from Ref. 23. The values 
for M = Ar are uncertain, Ref. 3 indicating a larger ko 
value than for M = He which is in contrast to the more 
detailed results from Ref. 5. More experiments close to 
the low and high pressure limits are required to arrive at 
a conclusive picture. 
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Thennodynamic Data 
Mli98 = 2.6 kJ mol- 1 

48"298 24.0 J K- 1mol- 1 

Kp = 1.81-1()2 T-0225 exp( -638IT) 

Rate Coefficient Data 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
1_7-10- 14 exp( -2265IT) 
6.3-10- 11 exp( -5185IT) 
1.15'10-10 exp( - 55391T) 
1.04·10 -10 exp( - 58381T) 

372-436 
1150-1900 
426-747 
500-732 

Berlie and LeRoy (1954)1 
Fenimore and Jones (1961)2 
Kurylo and Timmons (1969)3 
Kurylo, Hollinden, and 

(a) 
(b) 
(c) 

Timmons (1970)4 
5.33'10- 12 

3.55,10- 19 T3 exp( -8889/T) 
1.02'10- 11 

1.2-10-9 exp( -7580/T) 
3.02'10- 10 exp( -6627/T) 

1600 
1300-1750 
1700 
1700-2300 
640-818 

Peeters and Mahnen (1973)5 
Biordi, Papp, and Lazzara (1974)6 
Biordi, Papp, and Lazzara (1975)7 
Roth and Just (1975)8 

(d) 
(e) 
(f) 
(g) 
(h) 

Sepehrad, Marshall, and 
Purnell (1979)9 (i) 

Reviews and Evaluations 
2.1'10- 10 exp( -5990IT) 
3.73'10-20 T3exp( -4405/T) 
2.35'10- 17 T2 exp( -4449/T) 
1.26'10- 10 exp( -6OO2/T) 

370-1800 
300-1800 
370-1800 
400-1800 

Walker (1968)lO (j) 
(k) 
(I) 

Clark and Dove (1973)11 
Shaw (1978)12 

3.73,10- 20 T3 exp( -4405{T) 
3.73,10-20 T3 exp( -4405/T) 

300-2500 
300-2000 

Sepehrad, Marshall, and 
Purnell (1979)9 

Warnatz (1984)13 
(m) 
(n) 
(0) Tsang and Hampson (1986)14 

Comments 

(a) Only low temperature data available; k values more 
reliable than A and E. H atoms measured by catalytic 
recombination. 

(b) Low pressure flames. k determined relative to k (H + 
N20) for which 1.26.10- 10 exp( -7600/T) cm3 

molecule- l S-1 is used15• 

( c) Flow discharge; ESR detection of H atoms. 
(d) Flow discharge; ESR detection of H atoms; excellent 

agreement with authors' earlier results. 
(e) Flame study; molecular beam sampling, mass spectro

metric detection of all species. 
(f) Low pressure flames, modulated molecular beam with 

mass spectrometric detection. Authors do not quote 
k values; Arrhenius parameters determined from 
published graph. 

(g) CF3Br-inhibited CH4 flames, techniques as in (f). 
(h) Shock tube-resonance fluorescence study of CH4 py

rolysis. 
(i) Discharge flow; computer fit to C2H6 yields deter

mined by gas chromatography. 
G) Reviews early work critically and discusses reliability 

of data. 
(k) Simplified BEBO form of calculating k values. Gave 

good fit to reliable data between 300 and 1800 K. 
(1) Non-critical review of rate constants; useful coverage 

of data up to 1978. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

(m) Argues for Arrhenius expression, but ignores high 
temperature data. 

(n) Recommends Clark and Dove expression without 
comment_ 

(0) Carried out further BEBO calculations and Clark and 
Dove's results are confirmed; same parameters rec
ommended. 

Preferred Values 

k = 2.18-10- 20 T30 exp( -4045/T) cm3 molecule- 1 
S-l 

over range 300-2000 K 

Reliability 
~logk - ± 0.05 over range 500-1000 K rising to ± 0.1 

at 2000 K and ± 0.2 at 2500 K 
= ::!: 0.2 at 300 K 

Comments on Preferred Values 
Extensive literature on this reaction is available. 

WalkerlO has shown that a number of early studies are 
unreliable. The value of k is defined very accurately 
between 500 and 2000 K, but no reliable data are avail
able at room temperature. The preferred expression gives 
a slightly better fit to the high temperature data than 
Clark and Dove's, but the two expressions give very sim
ilar rate constants at all temperatures and both involve a 
T3 term. 
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H + CHO ~ CO + H2 

519 

Thermodynamic Data 
ilffl.98 - 372 kJ mol- l 

M298 = -11.0 JK- 1mol- 1 

Kp = 11.4 T-u.:J1J'J exp( + 44500IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
3.3,10- 11 1000-1700 

300 
298 
425 
298 
298 
298 

Browne et al. (1969)1 (a) 
(b) 
(c) 
(d) 

klkcHo+o = 3 
k I kCHO + 0 = 4.0 
k I kCHO + ° 2.1 
= 5.5.10- 10 

2.0-10- 10 

Niki, Daby, and Weinstock (1969)2 
Mack and Thrush (1973)3 
Campbell and Handy (1978)4 
Reilly et al. (1978)5 (e) 

1.2.10-10 

6.6,10- 11 = 1100 
296 
350 
418 

Nadtochenko, Sarkisov, and Yedeneev (1979)l' 
Hochanadel, Sworsky, and Ogren (1980f 
Cherian etal. (1981t 

(t) 
(g) 
(h) 
(i) 1.4.10-10 Timonen, Ratajczak, and Gutman (1987)9 

1.3.10- 111 

9.6,10- 11 

Reviews and Evaluations 
3.3,10- 10 300-2500 

300-2500 
Warnatz (1984)JU 

2.0-10- 10 Tsang and Hampson (1986)11 

Comments 

(a) Modelling of lean and rich acetylene flames at low 
pressures. Species profiles by gas chromatography, 
[OH], [CH], and [C2l by absorption measurements. 

(b) CzHJO discharge-flow system; mass spectrometry. 
Total pressure 1-2.3 Torr. 

(c) Discharge-flow system; CHzO/O reaction; gas chro
matography, air afterglow chemiluminescence ob
served. rO] and rH] by electron spin resonance. Total 
pressure =:: 1.5-3 Torr. 

(d) Stirred flow reactor, microwave discharge ofNz; CHO 
formed by addition of various amounts of CO to O/Hz 
mixtures. [0] from 0 + CO chemiluminescence. To
tal densities = (1-3).10-4 mol cm-3 Ar or Nz• 

(e) Near-UV pulsed photolysis of CHzO; intracavity dye 
laser spectroscopy of CHO absorption at either 613.8 
nm or 614.5 nm. Total pressure 10 Torr pure CHzO. 
Numerical solution of a kinetic scheme and fitting of 
rates to experimental data; results are rather insensi
tive to k. 

(f) Pulsed photolysis of CH3CHO/Ar at 10-200 Torr; in
tracavity dye laser spectroscopy of CHO absorption. 

(g) Flash photolysis of HzO or H20/CO (/C1i4 or Hz) mix
tures at 1-3 atm; UV absorption of CHO at 230 nm 
and of CH3 at 213 nm monitored. Numerical integra
tion of 17 reaction mechanism. 

(h) Numerical modelling of burning velocities of flat H:J 
O2I'N2 flames at atmospheric pressure using a 27 reac
tion mechanism and assuming zero activation energy 
for k. 

(i) Pulsed laser photolysis of CH3CHO/H/He mixtures at 
308 nm; H atoms from microwave discharge. Mass 
spectl-ometIy, [H] monitored by NO titl-atioll. 

Preferred Values 

k = 1.5.10-10 cm3 molecule- 1 5- 1 over range 300-2500 K 
Reliability 

alog k = ± 0.3 over range 300-2500 K 
Comments on Pre/erred Values 

The preferred values are based on the expectation that 
the rate coefficient will have a negligibly small tempera
ture coefficient and on the reasonable concordant values 
of k 6

•
7

,9 at 298 K. The assumption of a small temperature 
coefficient is supported by the high value found for k at 
298 K and the few high temperature values indicating lit
tle change with temperature. 
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H + HCHO --+ H2 + CHO 

521 

Thennodynamic Data 
A!-r,.98 = - 58.5 kJ mol- 1 

ASi9s = 21.9 J K -lmol-l 
K" = 3.8·1()2 T-o.4 exp( + 67301T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
3.3.10- 11 exp( -l660IT) 
2.2,10- 11 exp( -1892IT) 
5.4.10- 14 

1400-2200 
297-652 

297 
264-479 

1700-2500 

Schecker and Jost (1969)1 
Westenberg and deHaas (1972)2 
Ridley et al. (1972)3 

(a) 
(b) 
(c) 
(d) 
(e) 

3.3.10- 11 exp( -1847/T) 
5.5.10- 10 exp( -5280IT) 

Klemm (1979)4 
Dean el al. (1980i 

Reviews and Evaluations 
4.2,10- 11 exp( -2009IT) 
3.64'10- 16 T1.77 exp( -151OIT) 

300-2500 
264-2500 

Warnatz (1984t (f) 
(g) Tsang and Hampson (1986}' 

Comments 

(a) Thermal dissociation of HCRO/Ar in a shock tube; 
species monitored by UV absorption and IR emis
sion. 

(b) Microwave discharge of H:JHe; behaviour of H atoms 
in the presence of excess HCRO determined by ESR. 

(c) Pulsed vacuum UV photolysis of RCRO; behaviour of 
H atoms in the presence of excess HCHO determined 
by Lyman a resonance fluorescence. 

(d) Flash photolysis; resonance fluorescence detection of 
H atoms. 

(e) HCHO/Oz/Ar and HCHO/N20/Ar mixtures investi
gated in reflected shock waves; HCHO detected by 
IR emission. 

(f) Based on low temperature data of Westenberg and 
deHaas2, Ridley et al.3

, and Klemm\ which are in 
good agreement, and the high temperature data of, 
Schecker and Jostl. 

(g) Based on the data of Westen berg and deHaas2, Ridley 
et al.3

, Klemm\ and Dean et al.5
, and fifted using 

transition state frequencies as defined from BEBO 
calculations. 

Preferred Values 

k = 3.8,10- 14 Tl.05 exp( -1650/T) em3 moleeule- I S-I over 
range 250-2200 K 

Reliability 
dlog k = ± 0.5 at 2000 K reducing to ± 0.1 at 300 K 

Comments on Preferred Values 
The preferred values are based on the low temperature 

data of Ridley et al.3
, Klemm\ and the high temperature 

data of Dean etal.5• 

References 

IH. O. Schecker and W. Jost, Ber. Bunsenges. Phys. Chern. 73, 521 
(1969). 

2A. A. Westenberg and N. deHaas, J. Phys. Chern. 76, 2213 (1972). 
3B. A. Ridley, J. A. Davenport, L. J. Stief, and K. H. Welge, J. Chern. 

Phys. 57, 520 (1972). 
4R. B. Klemm, J. Chern. Phys. 71, 1987 (1979). 
sA. M. Dean, R. L. Johnson, and D. C. Steiner, Comb. Flame 37, 41 

(1980). 
6J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984) 
7W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
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H + CH30 ~ H2 + HCHO 

523 

Thennodynamic Data 
AHi98 = - 350 kJ mol- 1 

~29lI = 6.1 J K-1mol-1 

](" = 2.12 T-0 61 exp( + 41800/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
2.8,10- 11 300 Hoyermann etai. (1981)1 (a) 

Reviews and Evaluations 
3.3-10- 11 300-2000 

300 
Warnatz (1984)2 (b) 

(b) 3.3.10- 11 Tsang and Hampson (1986)3 

Comments 

(a) Discharge flow-mass spectrometric detection. Rate 
determined relative to k(CzHs + H) for which this 
evaluation gives 6-10-11 cm3 molecule-1 

S-I. Pressure 
1 Tun. 

(b) Based on the work of Hoyermann et al. I
; uncertainty 

is a factor 3. 

Preferred Values 

k = 3.0-10- 11 cm3 molecule- 1 over range 300-1000 K 

Reliability 
L\log k = ± 0.5 over range 300-1000 K 

Comments on Preferred Values 
No new data have been reported on this reaction. Hoy

ermann et al. showed that the direct H-abstraction reac
tion accounts for 75% of the total reaction at 300 K, with 
about 25% proceeding by complex formation to give ex
cited CH30H. The latter pathway is expected to be less 
important at high temperatures. 

References 

lK. Hoyermann, N. S. Loftfield, R. Sievert, and H. Gg. Wagner, 18th 
Symp. (Int.) Combust., 831 (1981). 

2J. Wamatz. jn "Combustion Chemistry''. ed. W. C. Gardjner. Sprjn~er
Verlag, New York (1984)~ 

3W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 1S, 1087 
(1986). 

H + HNCO ~ NH2 + CO 
~ H2 + NCO 

(1) 
(2) 

Thermodynamic Data 
~91l (1) = -34.0 kJ mol- 1 

M~1l (1) = -38.S J K-lmol-1 
](,,(1) = 1.5S-1()6 T-1.41 exp( + 361O/T) 

Rate CoeffiCient Measurements 
kl 2.3-10- 11 

k2 = 5.3-10-13 

Comments 

AH291l (2) = 45.6 kJ mol- 1 

~91l (2) = 9.39 J K- 1mol- 1 

Kp (2) = 23.6 T -0 272 exp( - 5640/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

1700-1800 
1700-1800 

Reference 

Beeretal. (1981)1 

Preferred Values 

Comments 

(a) 

(a) Combustion of a 0.7% N No.6 Fuel Oil with air in a 
furnace assembly, with on line gas analysis instru
ments (unspecified) for CO, C02, and 02 measure
ment and a chemiluminescent analyser for NO 
analysis_ The results were fitted to a 34 reaction 
mechanism from which the quoted values resulted. 

kz = 3.4,10- 10 T-OZ7 exp( -10190/T) cm3 molecule- 1 S-1 

over range 500-1000 K 

Reliability 
~.Jog k = ± 1.0 over range 500-1000 K 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Comments on Preferred Values 
There are no direct experimental measurements of 

rate constants for either of the channels or the total reac
tion. The values tabulated are of doubtful quality. 

Values ofbothk1
4S and kl have been used in modelling 

high temperature systems (1600-1800 K) but all are from 
unpublished sources. In all cases kl has been assumed to 
be much larger than k2• 

Perry et al.3 have obtained a value for k-z over the 
range 591-913 K which may be combined with the equi
librium data to give the expression for k2 quoted above. 

References 

1J. M. Beer, M. T. Jacques, and B. R. Taylor, 8th Symp. (Int.) Combust., 
101 (1981). 

'ly. H. Song, D. W. Blair, V. J. Siminski, and W. Bartok, 18th Symp. 
(Int.) Combust., 53 (1981). 

3R. A Perry, J. Chem. Phys. 82, 12 (1985). 
4M. Y. Louge and R. Ie. Hanson, Comb. Flame 58, 291 (1984). 
sy. H. Song and W. Bartok. 19th Symp. (Int.) Combust., 1291 (1983). 

H + NCO -+ NH + CO (1) 
-+ HCN + 0 (2) 

Thennodynamic Data (See Comments on Preferred Values) 
Mr298 (1) ;::; -131 kJ mol- 1 M-li98 (2) ;;; 6.95 kJ mol- 1 

~98 (1) = 32.0 J K-lmol-l ~98 (2) 16.0 J K-lmol-l 
Kp(I) = 3.52·lOS T-1.29 exp( + 15300/T) Kp(2) = 2.62·t()2 T- OS46 exp( -995IT) 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.74'10-10 exp( -lOOOIT) 1400-1500 Louge and Hanson (1984)1 (a) 

Comments 

(a) Shock tube study of C2N:zIO:u'N20 mixtures. [NCO] 
monitored as a function of time by absorption spec
troscopy at 440.5 nm. 

Preferred Values 

k 8.7'10- 11 cm3 molecule- 1 S-1 over range 1400-1500 K 

Reliability 
410g k = ± 0.5 over range 1400-1500 K 

Comments on Preferred Values 
There is only one direct determination of k, that of 

Louge and Hanson!. Although they derive a temperature 
coefficient for the reaction the temperature range. cov
ered is small and we therefore recommend a constant 
value of k over the range 1400-1500 K with substantial er
ror limits. 

A number of other values of k have been quoted in the 
literature and used in modelling a range of reaction sys-

J. Phya. Chem. Ref. Data, Vol. 21 J No.3, 1992 

tems2,3.4,5. However, none of the systems studied was suffi
ciently sensitive to the chosen value of k for these values 
to be considered in this evaluation. 

There are no data on the branching ratios. Channel (1) 
is usually assumed to be more important than (2); the 
available data on k-2 and Kp(2) support this. There are 
other channels possible leading to OH + CN and HCO 
+ N but both are substantially endothermic. 

The thermodynamic data given for channel (1) should 
be used with caution. There may be significant errors in 
the data for NH. 

References 

1M. Y. Louge and R. Ie. Hanson, Comb. Flame 58, 291 (1984). 
2J. N. Mulvihill and L. F. Phillips. 15th Symp. (Int.) Combust., 113 

(1975). 
3W. M. Shaub and S. H. Bauer, Comb. Flame 32, 35 (1978). 
4P. Roth, R. LOhr, and H. D. Hermanns, Ber. Bunsenges. Phys. Chem. 

84, 835 (1980). 
5J. M. Beer, M. -T. Jacques, W. Farmayan, and B. R. Taylor, 18th Symp. 

(Int.) Combust., 101 (1981). 
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H + C2H2 ~ H2+ C2H (1) 
H + C2H2( + M) ~ C2H3( + M) (2) 

Thermodynamic Data 
~98 (1) = 116 kJ mol- 1 

AS~ (I) = 22.5 J K-1mol- 1 
Mfi98 (2) - 158 kJ mol- 1 

AS298 (2) = -84 J K-1mol- 1 

~(1) = 7.24·1()l T-08Mexp( -14300IT) ~(2) 0.412 T-15exp( + 18900fT) atm- 1 

Rate Coefficient Data (k = k1) 

T[K] Reference Comments 

Rate Coefficient Measurements 
5.10- 12 1600 

1000-1700 
1023-1700 
1700-3400 

Porter et al. (1967)1 (a) 
(b) 
(r) 
(d) 
(e) 

9-10- 10exp( -9600IT) 
g-lO- 11eyp( - 8100/T) 
1.3-10-23T3 2exp( - 240fT) 
1.7-1O-10exp( -9600fT) 2000 

Browne et al. (1969)2 
Yampolslcii et al_ (1974)3 
Tanzawa and Gardiner (1978)4 
Warnatz el al. (1982)5 

Reviews and Evaluations 
1.3-1O-gexp( -12900/T) 
1·1O-10exp( -11900fT) 
1-10-10exp( -11200/T) 

1850-3000 
300-3000 

Frank and Just (1980)6 
Warnatz (1984}' 

(f) 
(g) 
(h) Tsang and Hampson (1986)8 

Comments 

(a) Acetylene and methane flames probed in absorption 
and emission. Assumed Oz removed exclusively by 
H + Oz -+ OH + O. 

(b) Probing of concentration, by absorption and emission 
spectroscopy, and temperature in acetylene flames. 
Numerical integration of complex mechanism. 

(c) Pyrolysis of acetylene in presence ofD2, CD4• Analysis 
by mass spectrometry. Assumed reaction (1) was sole 
mechanism for Hz production. 

(d) Thermal decomposition of acetylene behind shock 
wave. Laser schlieren, computer modelling. 

( e) Burner stabilised laminar flat C2HzlOziAr flame. Sam
pling nozzle with mass spectrometric detection. Stud
ied the formation of C4H2. 

(1) Reflected shock waves in CzHzlAr; atomic resonance 
absorption on H. Data not sensitive to k, but they re
view earlier data. 

(g) Based on reverse reaction and thermodynamics. 
Took M/O(l) 87 kJ mol-land k-l = 2.5,10- 11 

exp( - 1560/T) cm3 molecule -IS -1. 

(h) Based on thermodynamics and k-l = 1.9'10-11 

exp( - 1450/T) cm3 molecule -IS -1, 

Preferred Values 

kl = 1·10-10exp( -14000/T) cm3 molecule -Is-lover range 
1000- 3000K 

Reliability 
!\log kl = ± 1.0 

Comments on Pre/erred Values 
The experimental investigations are very indirect, with 

the possible exception of that of Tanzawa and Gardiner\ 
and make sweeping assumptions. The most direct ap
proach is to use thermodynamic data and k- 1• The pre
ferred value is based on k-l = 2.5·10- 11exp( -15601T) 
cm3 molecule -IS -1. 

The value used for Ml~(l) corresponds to 
MltZ98(C2H) = 560 kJ mol-I, which is consistent, within 
experimental error, with the value quoted by McMillen 
and Golden9(564±4 kJ mol-I) and with more recent 
spectroscopic data1o

• 

References 

lR. P. Porter, A. H. Clark, W. E. Koskan, ond W. E. Browne, 11th 
Symp. (Int.) Combust., 907 (1967). . 

2W. G. Browne, R. P. Porter, J. D. Verlin, and A. H. Clark, 12th Symp. 
(Int.) Combust., 1035 (1964). 

3yu. P. Yampolskii, K. P. LnYorskii, Yu. V. Mnksimoy, ond V. M. Rybin, 
Kinet. Katal. 15,9 (1974). 

~. Tanzawa and W. C. Gardiner, 17th Symp. (Int.) Combust., 563 
(1978). 

5J. Warnatz, H. Bockhorn, A. Moser, and H. W. Wenz, 19th Symp. 
(Int.) Combust., 197 (1982). 

6p. Frank and Th. Just, Comb. Flame 38, 231 (1980). 
7J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
8W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
9D. F. McMillen and D. M. Golden, Ann. Rev. Phys. Chem. 33, 493 

(1982). 
wH. Shiromaru, Y. Achiba, K. Kimura, and Y. T. Lee, J. Phys. Chem. 

91, 17 (1987). 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

H + C2H2 (+ M) ~ C2H3 (+ M) 

Thermodynamic Data 
Mr298 ;::: -158 kJ mol- 1 

M~98;::: -84 J K- 1mol- 1 

Kp ;::: 0.412 T-l.5O exp(18900fT) atm-1 

Rate Coefficient Measurements 
Intermediate Fall-off Range 

2.3-10- 14 

3.9-10- 14 

2-10- 14 

4-10- 14 

2-m- 1
" 

1'10-13 

4-10- 14 

2'10- 13 

7'10- 14 

3.10- 13 

2.1,10- 14 

6.9-10- 14 

1.8-10- 1:1 

1.1-10-14 

1.4-10-14 

1.9-10- 14 

3.7,10-14 

5.1-10- 14 

3.2,10- 14 

1.1-10-13 

1.6'10-13 

5.0.10- 14 

2_3-10- 13 

4.2-10- 13 

High Pressure Range 
3.8-10- 11exp( -1374/T) 
1.4-lO- 11exp( -1363fT) 

Reviews and Evaluations 
ko [Ar] 1.2-1O-30exp( -350fT) 
k", == 9.1·10- 12exp( -1200fT) 
Ku ;::: [Nz] L05-1O-7 T-7.27exp( -3632/T) 

Rate Coefficient Data 

T[K] [M] [molecule cm-3] 

298 1. 7'1016 (He) 
5.4'1016 

243 4.5-1016 (He) 
5.1-1017 

303 3.0-1016 

8.4-1017 

373 5.9-1011; 

7.5,1017 

463 7.2-lOu• 

5.8'1017 

298 3.1-1016 (He) 
1.6.1018 

2.4·101u 

193 1.0.10111 (He) 
6.0.10111 

228 4.2'1017 

4.2-1018 

2.1-1019 

298 3.2'1017 

3.2-1018 

2.3'1019 

400 2.4'1017 

2.4,1018 

1.7-1019 

207-451 
298-473 2.5-1019 (H2,D2,He) 

300-500 
300-2000 
700-2500 

Reference 

Michael and Niki (1967)1 

Hoyermann el al. (1968)2 

Keil et al. (1976)3 

Payne and Stief (1976)4 

Sugawara el al. (1981)5 
EI.lul et al. (1981)6 

Wamatz (1984)7 

Tsang and Hampson (1986)8 

Comments 

(a) 

(b) 

(c) 

(d) 

(e) 
(t) 

(g) 

(h) 

527 

Comments 

(a) The reaction was studied in a fast discharge-flow sys
tem coupled to a time-of-flight mass spectrometer. 
The reaction mechanism was confirmed by an iso
topic study. 

(t) Pulsed photolysis/resonance absorption study. The 
reaction was followed monitoring 121.6 nm Lyman a 
absorption. 

(b) The reaction was investigated in a fast flow-system 
coupled to ESR and mass spectrometer. 

( c) The reaction was studied in a conventional discharge 
flow reactor coupled to a time-of-flight mass spec
trometer. RRKM treatment of the results. 

(d) The technique of flash photolysis coupled with time 
resolved detection of H via resonance fluorescence 
was employed in this investigation. 

( e) The reaction was investigated using the pulse radiol
ysis/resonance absorption technique. 

(g) Data evaluation and simplified fall-off construction. 
(h) Construction of RRKM fall-off curves. 

Preferred Values 

krs> = 1.4'10-11 exp( -1300fT) cm-3 molecule- 1 S-1 over 
range 200-400 K 

ko = [He] 3.3·10-30exp( -740fT) cm-3 molecule- 1 S-1 

over range 200-400 K 
Fe s=: 0.44 over range 200-400 K 

Reliability 
Alog krs> = ± 0.3 over range 200-400 K 
Alog ko ± 0.5 for over range 200-400 K 
Alog Fe == ± 0.1 over range 200-400 K 

J. Phv'L ChAm RAf [lAtA Vnl ?1 Nn ~ 1 QQ? 
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Comments on Preje"ed Values 
The preferred values are based on the experimental 

data from Ref. 4 and a construction of the corresponding 
fall-off curve from the present evaluation. 

References 

11. V. Michael and H. Niki, 1. Chern. Phys. 46, 4969 (1967). 
2K. H. Hoyennann, H. Gg. Wagner, and 1. Wolfrum, Ber. Bunsenges. 

Phys. Chern. 72, 1004 (1968). 

3D. G. Keit, K. P. Lynch, J. A. Cowfer, and J. V. Michael, Int. J. Chern. 
Kin. 8, 825 (1976). 

4W. A. Payne and L J. Stief, 1. Chern. Phys. 64,1150 (1976). 
51(. Sugawara, I(. Okazaki, and S. Salo, Bull. Chern. Soc. Ipn. 54, 2872 

(1981); I(. Kowari, I(. Sugawara, S. Sato, and S. Nagase, Bull. Chern. 
Soc. Jpn. 54, 1222 (1981). 

6R. Ellul, P. Potzinger, B. Reimann, and P. Camilleri, Ber. Bunsenges. 
Phys. Chern. 85, 407 (1981). 

71. Wamatz, in "Combustion Chemistl)''', ed. W. C. Gardiner, Springeru 

Verlag, New York (1984). 
SW. Tsang and R. F. Hampson. J. Phys. Chern. Ref. Data IS, 1087 

(1986). 

H + C2H3 -+ H2 + C2H2 (1) 
H + C2H3 (+ M) -+ CaH4 (+ M) (2) 

Thermodynamic Data 
Mli98 (1) = -277 kJ rnol- 1 

AS"Z9& (1) - 14.6 J K-1mol- 1 
Mf'm (2) = -452 kJ mol- 1 

~;MI (2) - 127 J K-lmol-l 
Kp(l) = 7.75,10-2 ]'0217 exp( + 332oo/T) Kp(2) = 6.83,10- 5 T-oOOll exp( + 54400IT) atm- 1 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
kl = 7'10-12 

kl = 3'10- 11 

kl = 1'10-11 

1170-1780 
1100-1500 

298 
1300-2500 

Benson and Haugen (1967)1 
Skinner, Sweet, and Davis (1971)2 
Keil et al. (1976)3 

(a) 
(b) 
(c) 
(d) kl = 1.7'10-11 Olson, Tanzawa. and Gardiner (1979t 

Reviews and Calculations 
kl = 3'10- 11 300-2500 Wamatz (1984)5 (e) 

(f) kl = 1.6'10-10 Tsang and Hampson (1986)6 

Comments 

(a) Steady state analysis of the shock tube data of Skinner 
and Sokolski7 on H and HID exchange with CzIL and 
its isotopomers. 

(b) Shock tube study at 3 atm of H and HID exchange 
with C2IL, C2H2, and their isotopomers. Steady state 
analysis. 

( c) Analysis of effects of atom/radical reactions on H + 
C2H2 system. Simulation by numerical integration 
and comparison of discharge flow - mass spectrome
try~ flash photolysis - resonance fluorescence and 
flash photolysis - resonance fluorescence experi
ments. 

(d) Shock tube study of ethane dissociation in argon by 
laser schlieren. Numerical integration of a 14 reac
tion scheme. 

(e) Evaluation based on tabulated data plus a privately 
communicated value from Hoyermann at 298 K of 
7.10- 11 cm3 molecule- 1 S-I. 

(f) Estimate. 

Preferred Values 

kl = 2-10-11 cm3 molecule-1 S-1 over range 300-2500 K 

J. Phya. Cham. Ref. Data, Vol. 21, No.3, 1992 

Reliability 
Alog kl = ± 0.5 

Comments on Preje"ed Values 
All of the determinations are very indirect, hence the 

wide error limits. The large exothermicity of reaction (I) 
suggests that there is a negligible probability of forming 
stabilised C2IL except under conditions of very high pres
sure. 

References 

IS. W. Benson and G. R. Haugen, J. Phys. Chern. 71,1735 (1967). 
2G. B. Skinner, R. C. Sweet, and S. I(. Davis, 1. Phys. Chern. 75, 1 

(1971). 
3D. G. Keil, K. P. Lynch, J. A. Cowfer, and J. V. Michael, Int. J. Chern. 

Kin. 8, 825 (1976). 
4D. B. Olson, T. Tanzawa, and W. C. Gardiner Jr., Int. 1. Chern. Kin. 

11, 23 (1979). 
5J. Wamatz, in "Combustion Chernistl)''', ed. W. C. Gardiner Jr., 

Springer-Verlag, New York (1984). 
6W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data, 15, 1087 

(1986). 
7G. B. Skinner and E. M. Sokolski, 1. Phys. Chern. Phys. 64, 1328 (1960). 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 529 

H + C2H4 ~ H2 + C2H3 (1) 
H + C2H4 (+ M) ~ C2Hs (+ M) (2) 

Thermodynamic Data 
!l.Ir298 (1) = 15.8 kJ mol-1 

~8 (1) = 28.3 J K-1mol- 1 
M-/29t1 (2) = -153 kJ mol- 1 

4S'298 (2) = -82.1 J K- 1mo)-1 
Kj,(l) = 4.67-1()3 T-O

•
673 exp( - 22701T) Kj,(2) = 5.83-10- 2 T- 1•13 exp( + 18300/T) atm- 1 

Rate Coefficient Data (k = k1) 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.2-10- 13 

1.0-10-10exp( - 3000/T) 
2.& lO- lOexp( - 7000IT) 
1.8·1O-10exp( -4300IT) 
8.3·1O-gexp( -11500/T) 
7.10- 14 

813 
1170-1780 
1100-1500 
1200-1700 
1700-2000 

Baldwin, Simmons, and Walker (1966)1 
Benson and Haugen (1967)2 

(a) 
(b) 
(c) 
(d) 
(e) 
(0 
(g) 

Skinner, Sweet, and Davis (1971)3 
Peeters and Mahnen (1974)4 

773 
900 

Just, Roth, and Damm (1977)5 
Baldwin et al. (1984)6 

1.5-10- 13 Jayaweera and Pacey (1988)' 

Reviews and Evaluations 
2.5-10- lOexp( -5100/T) 
2.2,10-18 T2S3exp( -6160IT) 

700-2000 Warnatz (1984)8 (h) 
(i) Tsang and Hampson (1986)l' 

Comments 

(a) Inhibition of first and second limits of Hz + Oz reac
tion by CZH4. A~sullliJlg 'rea~ollablv' A factur, they 
give k2 = 1.7·10-1oexp( -4900/T). 

(b) Reinterpretation of the data of Skinner and Sokolski8 

on hydrogen, deuterium exchange in Cz~ and its iso
topomers. 

(c) Shock tube study of H, D exchange in CZH4 and its 
isotopomers. GC/MS analysis. 

(d) Molecular beam - mass spectrometer sampling of 
C2HJOz flames. 

(e) Thermal decomposition of c2a in reflected shock 
waves. H atom profile by atomic resonance absorp
tion spectroscopy. 

(f) Addition of C~4 to slowly reacting mixtures of Hz + 
Oz and observation of pressure change corresponding 
to 50% loss of additive. k was measured relative to 
H + O2 ~ OH + 0 (k(H + C2H4)1k(H + O2) = 
12 ± 4) and the value of k(H + O2) recommended 
in this evaluation (5.8-10 15 cm3 molecule -1 s -1 at 773 
K) has been assumed. 

(g) Pyrolysis of ethene in a flow system and measurement 
of Hz formation. The value of k depends on the equi 
librium constant for H + C2H4 :;;::= C1Hs and the rate 
coefficient for C2Hs + Cili4 ~ C2ltJ + C2H3, previ
ously measured by McKenzie et ai.ll. 

(h) Approximate representation of Refs. 1-5. 
(i) Based on a BEBO fit to the data of Ref. 5. 

Preferred Values 

k = 9·10- 10exp( -7500/T) cm3 molecule- 1 S-1 over range 
700-2000K 

Reliability 
A~og k = ± 0.5 

Cumments un Preferred Values 
With the exception of the data of Skinner et al.3, there 

is good agreement in the magnitude of the high tempera
ture values, although the temperature dependencies are 
not well defined. Similarly the more recent and more re
liable lower temperature value of Baldwin et al.6 is com
patible with that of Jayaweera and Pacey'. The 
recommended rate coefficient expression is a compro
mise between the high and low temperature data. The 
high A factor may indicate a curved Arrhenius plot, but 
the data only permit a linear expression with wide error 
limits. 

References 
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62,2486 (1966). 
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f>R. R. Baldwin, D. E. Hopkins, D. E. Malcolm, and R. W. Walker, 

Oxid. Comm. 6, 231 (1984). 
71. S. Jayaweera and P. D. Pacey. Int. J. Chem. Kinet. 20, 719 (1988). 
8J. Warnatz, in "Combustion Chemistry", ed. W. C. Oardiner Jr., 

Springer-Verlag, New York (1984). 
"W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 1S. 1087 

(1986). 
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H + C2Hs ~ 2 CH3 (1) 
H + C2Hs (+ M) ~ C2Hs (+ M) (2) 

Thermodynamic Data 
M1i98 (1) = -43.8 kJ mol- 1 

AS298 (1) = 21.9 J K-1mol- 1 
M1i98 (2) = -419 kJ mol- 1 

ASi98 (2) = -137 J K-1mol- 1 

](,,(1) = 4.52·1()3 T-O
•
74 exp( + 4790IT) ](,,(2) = 1.09,10-6 T-o.sos exp( +S0400/T) atm- 1 

Rate Coefficient Data (k = k1 + k2) 

k [cm3 moJecule- 1 g-I] T[K] Reference Comrnents 

Rate Coefficient Measurements 
k2 = 6.10-11 

kl = (4-9)'10- 11 

kl = 2.5·to-11 

298 
303-603 

298 
503-753 
321-521 

1950-2770 
230-568 

Kurylo, Peterson, and Braun (1970)1 
Teng and Jones (1972)2 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 

kl 6·to- 11 

kl = 1.1·to- 1O exp(-50IT) 
kl = 1.2·to-11 

Michael, Osborne, and Suess (1973)3 
Camilleri, Marshall, and Purnell (1974)4 
Pratt and Veltmann (1976)5 
Tabayashi and Bauer (1979)6 

kl = 8-10- 11 exp( -127fT) Pratt and Wood (1984f 

Reviews and Evaluations 
kl 5.00to- U 300-1500 Warnatz (1984)8 (h) 

(i) kl = 6.00to- 11 Tsang and Hampson (1986)9 

Comments 

(a) Flash photolysis - resonance fluorescence study of 
H + C2lL. Computer simulation of increase in appar
ent rate constant as [H]/[C2lL] was increased. Sug
gested they were measuring k2• 

(b) Discharge flow study of H + C2Rt; products analysed 
by GC. Computer simulation of product yields. 

( c) Pulsed Hg photosensitized decomposition of H2 - res
onance absorption, discharge flow - time-of-flight 
mass spectrometry studies of H + C2Rt system. kl 
from analysis of stoichiometry. 

(d) Discharge flow study of H + C2H6• Products by gas 
chromatography. Numerical integration. 

(e) Discharge flow study of H + C2Rt. Mass spectromet
ric detection. Numerical integration. 

(t) Shock tube study of CRt/Ar, CRt/O:z/Ar. Laser 
schlieren. 

(g) Discharge flow study of CH3 + O2. CH3 formed from 
H + C2H4• Products analysed by GC and simulated 
by numerical integration. 

(h) Evaluation, mean of low temperature data. 
(i) Evaluation based on Refs. 1, 3, and 4. A strong colli

sion analysis of kl/k2 is presented. 

Preferred Values 

kl = 6.0'10- 11 cm3 molecule- 1 
S-1 over range 300-2000 K 

Reliability 
Alog k = ± 0.3 at 300 K rising t~ ± 0.7 at 2000 K 

Comments on Preferred Values 
Channel (1) almost certainly dominates at room tem

perature and at the low pressures of the discharge flow 
experiments. It is favoured by low pressures and high 
temperatures. There have been no realistic studies of the 
kl/k2 ratio, and Tsang and Hampson's strong collision 
analysis is probably inadequate. A modelling (RRKM/ 
master equation) study would be of value. 
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(1973). 
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8J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner. Springer

Verlag, New York (1984). 
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EVALUATED KINE,.IC DATA FOR COMBUSTION MODELLING 533 

Thennodynamic Data 
M:r,.98 = -16.9 kJ mol- 1 

AS~8 38.6 J K -lmol- 1 

Kp ... 2.92·10" T-O.77s exp( + 1660IT) 

Rate Coefficient Data 

k [cm3 molecule -1 s - 1] Temperature [K] Reference Comments 

Rate Coefficient Measurements 
5.65-10- 12 exp( -3420IT) 
7.94,10- 11 exp( -431OIT) 
8.3'10- 11 exp( - 3960IT) 
3.09-10-10 exp( -4920 IT) 
1.78.10-10 exp( - 4643IT) 
8.3,10- 11 cxp( -4580IT) 
4.06'10-13 

353-436 
990-1500 
853-953 
503-753 
385-544 
281-347 

Bertie and leRoy (1953)1 
Fenimore and Jones (1961)2 
Parsamyan et al. (1968)3 
Purnell et al. (1974)4 
Purnell et al. (1977)5 

(a) 
(b) 
(c) 
(d) 
(e) 
(I) 
(g) 
(h) 8.7'10- 10 exp( -6440IT) 

773 
876-1016 

l.A;;;uc: auu Villc:rmaux (1978Y' 
Baldwin and Walker (1979)7 
Cao and Back (1984)8 

Reviews and EIr'O/uations 
2.17.10- 10 exp( -4885/T) 
8.9,10- 22 T3.5 exp( - 26151T) 
2.19'10- 10 exp( -4715IT) 
8.9.10- 22 T35 exp( -2615IT) 
8.9,10- 22 T35 exp( -26151T) 

300-1500 
300-1800 
300-1300 
300-2000 
300-1800 

Baldwin and Melvin (1964)9 
Clark and Dove (1973)10 
Purnell et al. (1974)4 
Warnatz (1984)11 

(i) 
G) 
(k) 
(I) 
(rn) Tsang and Hampson (1986)12 

Comments 

(a) H atom concentration determined by catalytic recom
bination. Constant stoichiometry assumed at all tem
peratures, but (Ref. 5) k values not seriously in error. 

(b) Low pressure C2H; + Hz + O2 flames; effectively 
measuredk/k(H + O2 ~ OH + 0). Results recalcu
latedll using k(H + Oz) = 2.0-10-7 T- 091 

exp( -8310/T) cm3 molecule- l S-I. 

( c) Inhibition of H2 + O2 limit by CZH6• Results recalcu
lated using k (H + Oz) in (b). 

(d) Flow discharge, computer fit of all products. 
(e) Flow discharge, mass spectrometry. Both excess CZH6 

and excess II atom used, and stoichiometry Ill~asur~d 
over temperature range used. 

(1) Discharge flow, H atoms formed Hg from HgO target, 
and released Hg vapour measured spectrophotomet
rically. 

(g) Addition of CzH6 to Hz + O2 reaction gives k/k(H + 
O2). Value of k(H + 02) given in (b). 

(h) H2 ~ 2 H equilibrium used to control and effectively 
measure H atom concentration. 

(i) Review of early measurements of k. 
U) Simplified BEBO calculation of rate constants. 
(k) Recalculated assumed stoichiometry of earlier work

ers; argue strongly for Arrhenius expression between 
300 and 1300 K. 

(1) Recommends Clark and Dove's expression without 
comment. 

(m) Recommend Clark and Dove's expression, but em
phasize that it may overestimate k above 1500 K. 

Preferred Values 

k 2.35-10- 15 T1.5 exp( -3725/T) cm3 molecule- 1 S-1 

over range 300-2000 K 

Reliability 
.6.log k = ± 0.15 between 300 K and 1500 K rising to 

± 0.3 at 2000 K 

Comments on Pre/erred Values 
The agreement between the various sets of experimen

tal values of k is less good than might be expected. No 
particular temperature dependence of the pre-exponen
tial term is dictated by the results. Betw~~n 300 and 
1300 K, the Arrhenius expression (1.89 ± 0.60)-10- 10 

exp( - 4635 ± 200/T) cm3 molecule -1 s -1 fits the results 
as well as the preferred values, hut is unlikely to give rel
atively accurate values of k above 2000 K. The rate con
stant expression suggested by Clark and Dove, and 
recommended by Warnatz and by Tsang and Hampson, 
gives values of k too high at 300 and above 1300 K. Above 
2000 K, the Clark and Dove expression is recommended. 
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H + CHCO ~ CH2 + CO (1) 
~ C20 + H2 (2) 
~ HCCOH (3) 

Thermodynamic Data 
Mf298 (1) = -175.3 kJ mol-! 
4S'29s (1) = 24.3 J K-lmol-l 

Mf298 (2) = -108.9 kJ mol-! 
4S'29S (2) ;:: -5.2 J K- 1mol- 1 

K;,(1) 6.23·lOS T-l.55 exp( + 13865/T) K;,(2) = 5.39 T- 0337 exp( + 12990IT) 

Ml'5.98 (3) = -310.1 kJ mol- l 

4S'29s (3) = -123.1 J K- 1mol- 1 

K;,(3) = 3.26-10-5 T- 0765 exp( -37270/T) 

Rate Coefficient Data (k = k1 + k2 + ka) 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
5-10- 11 1600-2000 

1000 
535 

1500-1700 

LOhr and Roth (1981)1 (a) 
(b) 
(e) 
(d) 

5.10- 12 

2.5'10- 10 
Homann and Well mann (1983)2 
Vinckier et al. (1985)3 

2.5.10- 10 Frank etal. (1986)4 

Comments 

(a) Direct measurement of [H] and [0] in reaction zone 
behind shock waves generated in 0 + C2H2 mixtures. 
Reaction H + CHCO needed to give good fit to [0] 
and [H] time profiles. Derived k is best-fit value and 
assumed to be k1• 

(b) High temperature flow reactor coupled to a quadru
pole mass spectrometer. Value of k obtained from 
best fit to [CO]-time profiles. However, value of k is 
based partly on the Jones and Bayes5 value for k (0 + 
CHCO) which is almost certainly too low by a factor 
of at least 50 (see comment on 0 + CHCO reaction). 

(c) Discharge flow study of 0 + C2H2, radical concentra
tions being monitored by molecular beam mass spec
trometry. Value of k determined from best fit to 
[CHCO]-time profile at 535 K and determined from 
ratioklk(O + CHCO) = 1.4withk(O + CHCO) = 
1.8'10- 10 cml molecule- t S-1 (Valu~ uf k(O + 
CHCO) is effectively indistinguishable from recom
mended value 1.6'10-10

, see comment on 0 + 
CHeO reaction). 

(d) Shock tube study, with simultaneous measurement of 
[H], [0], and [CO] by atomic and molecular absorp
tion spectrometry. H + CHCO important in later 
stages of 0 + C2H2 reactions. k determined from [0] 
and [H] profiles under optimised stoichiometry. 

Preferred Values 

k = 2.5,10- 10 cm3 molecule- l S-1 over range 300-2500 K 

Reliability 
~log k = ± 0.4 over range 300-2500 K 

Comments on Preferred Values 
Based on computer fitting of intermediate products, 

reaction (1) is the preferred path2,3. Faubel and Wagner6 
have suggested, however, that reaction (2) could be an 
important route for C20 formation in the 0 + C2H2 sys
tem. The values of k di'ffer by a factor of 50, but that ob
tained by Homann and Wellmann is almost certainly too 
low by a factor of at least 10 (see comments). With an 
activation energy of effectively zero the values obtained 
by Frank et al. and by Vinckier et al.are in excellent 
agreement, and are the bases of the preferred value of k. 

References 

lR. LOhr and P. Roth, Ber. Bunsenges. Phys. Chem. 85. 153 (1981). 
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(1985). 
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277 (1986). 
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H + CH2CO ~ CHs + CO 
~ CH2CHO 

(1) 
(2) 

Thennodynamic Data 
AH298 (1) = -131 kJ mol- 1 

M"298 (1) 35.2 J K-Imol-l 
~(1) 1.4'106 T-l.4S exp( + 15300/T) 

Mr298 (2) = -141 kJ mol- 1 

.M1w (2) == -88.6 J K-1mol- 1 

~(2) = 1.1'10-2 TI01 exp(+16900/T) 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule- 1 S-l] T[K] Reference Comments 

Rate Coefficient Measurements 
1.3.10-13 298 Carr e/ al. (1968)1 (a) 

(b) 
(c) 

6.()O1O- 12 exp( -1176/T) 218-363 Slemr and Warnek (1975)2 
1.88'10-11 exp( -1725/T) 298-500 Michael et al. (1979)3 
7.3,10- 14 298 
6.48·1O-1z exp( - 975fT) 240-440 Umemoto et ai. (1985)" (d) 

(e) 3.()O10- 11 1650-1850 Frank et al. (1986l 

Reviews and Evaluations 
1.o-lO~1:1 exp( -1515IT) 300-500 Warnarz (1984t (f) 

Comments 

(a) Discharge flow system. H atoms produced from H:J 
He mixtures flowing through a microwave discharge. 
CH2CO in excess. Analysis by mass spectrometer. 
CH4 and CO observed to be major products. C2H4, 

C21L and CH20 also observed. 
(b) Discharge flow system, H atoms in excess. H gener

ated from H2f'He mixtures flowing through a mi
crowave discharge, ketene produced by continuous 
pyrolysis of diketene. Analysis by mass spectrometer. 

(c) Two techniques used. 
(i) Flash photolysis of CH4/CH2Cl/ Ar mixtures, analy
sis by resonance fluorescence for [H]. 
(ii) Discharge flow system, analysis by resonance fluo
rescence for [H], CH2CO in excess. Results at 298 K 
only. 

(d) Pulse radiolysis of H:Jketene mixtures, ketene in ex
cess. [H] decay measured by resonance absorption. 

(e) Shock tube study, CH2CO/Ar mixtures. [H] and [CO] 
measured with respect to time by atomic and molecu
lar resonance absorption spectroscopy. 

(f) Only low temperature results available. 

Preferred Values 

kl 3.0,10-11 exp( -1700/T) cm3 molecule- 1 S-1 over 
range 200-2000 K 

Reliability 
.6.10g kl = ± 0.5 at 200 K rising to ± 1.0 at 2000 K 

Comments on Preferred Values 
All the experimental data available is for the total rate 

constant (k = kl + k2)' No determination of the impor
tance of the separate channels has yet been made. How
ever, it has been assumed2

,3,4 that channel (1) is dominant 
and channel (2) is of negligible importance. 

The absolute values of the rate constants obtained in 
the different low temperature studies1,2,3,4 are in good 
agreement but there are significant differences in the 
temperature coefficients obtained. Use of the largest 
temperature coefficiene to extrapolate to high tempera
tures still leaves the extrapolated value of k slightly lower 
at 1800 K than the experimental results of Frank et al.s. 
This may imply CUIvature of the Arrhenius plot Of merely 
reflect the errors in the measurements. 

The preferred values are based on the temperature co
efficient of k of Michael et 01.3 and a value of k 
1.0.10- 13 cm3 molecule- 1 S-l at 298 K .. 

References 
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2F. Slemr and P. Warnek, Ber. Bunsenges. Phys. Chem. 79,152 (1975). 
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H + CH3CHO -+ H2 + CH3CO (1) 
-+ H2 + CH2CHO (2) 

Thermodynamic Data 
Mr298 (1) = -75.3 kJ mol-1 

4S"298 (1) = 18.9 J K-lmol-l 
!ilii98 (2) = -27.6 kJ mol-1 

4S"298 (2) = 20.0 J K-lmol-l 
~(1) = 1.21·1()l T-O

•
641 exp( + 8690IT) ~(2) = 53.2 T-O

•
48 exp( + 2967/T) 

Rate Coefficient Data (k = k1 + k 2) 

k [em3 molecule-1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
4.3,10- 12 exp( -1310/T) 295-389 Aders and Wagner (1973)1 (a) 

(b) 
(c) 
(d) 
(e) 

5.3,10- 14 298 Slemr and Wameck (1975)2 
2.2'10- 11 exp( -l660IT) 298-500 Whytock el al. (1976)3 
1.4.10-11 exp( -3490IT) 1550-1850 Beeley el al. (1977)4 
9.8·1O- J4 Z~H Michael and Lee (l~n)"' 

Reviews and Evaluations 
6.6,10- 11 exp( -2120/T) 300-2000 Warnatz (1984)6 

Comments 

(a) Fast flow reactor. Transients and products measured 
by ESR and mass spectroscopy. 

(b) Discharge flow mass spectroscopic measurement of 
stable species. k measured relative to the reaction of 
hydrogen atoms with ketene. 

(c) Flash photolysis - resonance fluorescence (Lyman a). 
(d) Ignition of CH3CHO/O:z/Ar mixtures behind incident 

shock waves. Stable and transient species monitored 
by UV and IR emission. k determined from mod
elling the system. 

(e) Discharge flow - resonance fluorescence (Lyman a ). 

Preferred Values 

k = 6.8,10- 15 Tl.16 exp( -1210/T) cm3 molecule- t S-1 over 
range 300-2000 K 

Reliability 
alog k = ± 0.4 at 2000 K reducing to ± 0.1 at 300 K 

Comments on Preferred Values 
Preferred vallle50 are hased on the data of Whytock 

et al.3 and Michael and Lees at low temperature. Arrhe
nius plot curved to fit the data of Beeley et al.4 at high 
temperature. Temperature dependence data of Whytock 
et al.3 indicates possibility of curvature. No experimental 
information is available on the contribution of the second 
channel. Assuming k2 = 0.5 k (H + C2~)' k2/k increases 
from 0.04 at 700 K to 0.5 at 1700 K. The contribution at 
lower temperatures where most of the measurements 
have been made is negligible. 

References 

tW. K. Aders and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 77, 332 
(1973). 

2F. Slemr and P. Wameck, Ber. Bunsenges. Phys. Chern. 79, 152 (1975). 
3D. A. Whytock, J. V. Michael, W. A. Payne, and L. J. Stief, J. Chern. 

Phys. 65, 4871 (1976). 
4P. Beeley. J. F. Griffiths. B. A. Hunt. and A. Williams, 16th Symp. 

(Int.) Combust., 1013 (1976). 
5J. V. Michael and J. H. Lee, Chern. Phys. Lett. 51, 303 (1977). 
6J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlaj1;. New York (1984). 
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Thermodynamic Data 
Mr298 (1) = -463.5 kJ mol- 1 

AS'298 (1) = -133.7 J K-1mol-1 

H + C6Hs (+ M) -+ CsHs (+ M) 

K;,(I} = 1.0-10-6T-o.4sexp( + 55840IT) atm- 1 

Rale Coefficient Measurements 
1.7.10- 11 

1.3.10-10 

Comments 

T[K] 

1500-2000 
1380-1700 

Rate Coefficient Data 

Reference 

Frenklach el al. (1985}1 
Braun-Unkhoff el al. (1989)2 

Preferred Values 

541 

Comments 

(a) 
(b) 

(a) Modelling of soot formation under the conditions in 
shock tube pyrolysis. Initial concentrations of about 
1 % acetylene in argon were used at post shock pres
sures of 5-7 bar. No sensitivity of the rate constant 
value with respect to the measured profiles is pre
sented. 

k = 1.3.10-10 cm3 molecule- 1 S-1 over range 1400-1700 K 

Reliability 
.6.10g k = ± 0.5 

Comments on Prefered Values 
(b) Dissociation of phenyl radicals behind reflected 

shock waves was investigated by monitoring H atoms 
with ARAS. Nitrosobenzene served as thermal 
source for the phenyl radicals. The test gas mixtures 
consisted of argon with relative concentrations of 1-
100 ppm nitrosobenzene. It was found that besides 
the dissociation reaction sequence of phenyl, the re
combination step has strongest influence on the mea
sured H atom concentration level. 

The recommended value is based on the only experi
mental study of phenyl pyrolysis and is actually depen
dent upon the rate of the phenyl recombination reaction. 

References 

1M. Frenklach, D. W. Clary, W. C. Gardiner, Jr., and S. E. Stein, 20th 
Symp. (Int.) Combust., 887 (1985). 

2M. Braun-Unkhoff, P. Frank, and Th. Just, 22nd Symp. (Int.) Com
bust.. 1053 (1989). 

H + CeHs -+ H2 + CsHs (1) 
H + CeHs (+ M) -+ CSH7 (+ M) (2) 

Thermodynamic Data 
AH298 (1) = 27.2 kJ mol- 1 

as'298 (1) = 35.1 J K-lmol-l 
KAt) = 5.3-10" T -090 exp( - 37801T) 

Rale Coefficient Measurements 
1.3-10- 11 exp( -1661/T) 
9.8,10- 11 exp( -2164/T) 
kl = 3.40.10- 11 exp( -4378/T) 
kl = 6.6,10- 10 exp( -3623IT) 
k2 = 3.0-10- 14 

k2 = 1.7·1O- 11exp(-2013IT) 
k2 = 1.2'10- 11 exp( -1864/T) 
kl = 1.3'10-10 exp( -5032/T) 
kl = 1.1'10- 11 exp( -47801T) 
6.7'10- 11 exp( -2170IT) 
kl = 4.7'10- 11 exp( -8052/T) 
kl = 4.2'10- 10 exp( -8052/T) 

AH298 (2) = 112.3 kJ mol- l 

~9H (2) = -78.9 J K-Imol-l 
Kp(2) = 64.10-1 T-121 exp( -14060IT) atm- 1 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

300-357 
298-393 
883-963 

1400-1900 
303 
540 

296-493 
1200-1900 
1273-2073 
298-1000 

163()-1940 
1900-2200 

Reference 

Sauer and Ward (1967)1 
Sauer and Mani (1970)2 
Mkryan el al. (1971)3 
Asaba and Fujii (1971)4 
Knutti and Buehler (1972)5 
Louw and Lucas (1973)6 
Hoyermann et al. (1975)' 
Fujii and Asaba (1977)8 
Swith (1979)9 
Nicovich and Ravishankara (1984)10 
Rao and Skinner (1984)11 
Kiefer et al. (1985)12 

Couummlli 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 
(g) 
(h) 
(i) 
(j) 
(k) 
(I) 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Comments 

(a) Pulsed radiolysis with product analysis by gas chro
matography. Transient species were monitored as 
function of time by absorption in the wavelength 
range 260-340 ""m. The results are close to the high 
pressure limiting rate coefficient. 

(b) H atom reactions with a series of monosubstituted 
benzenes, naphthalene, the xylenes, and pyridine 
were investigated using the pulsed-radiolysis method. 
Optical absorption changes occurring after the elec
tron pulses were monitored for the wavelength range 
260-400 iJ.m. Measurements of the overall reaction 
are close to the high pressure limits. 

(c) Evaluation of an overall rate coefficient from a flow 
reactor study. 

(d) Mixtures of 10-20% benzene with argon were py
rolyzed in a single pulse shock tube at 2-8 atm. The 
product~ formed were analY7.ed hy gas chromatogra
phy. Additionally absorption spectroscopy was ap
plied. A complex mechanism was used for modelling 
the experimental data. 

(e) Low pressures study (mbar range) in a fast gas flow 
system. The time dependence of adducts, transient 
species, and of products were measured by mass 
spectroscopy. The rate expression is deduced from a 
kinetic model. 

(f) The conversion of benzene and of deuterated ben
zene mixtures into biphenyl was examined in a tank 
flow reactor at atmospheric pressure. Formation of 
biphenyl was detected by gas chromatography. 

(g) The experiments were carried out in an isothermal 
flow reactor using ESR, MS, and GC detection tech
niques. The reactions of H atoms with cyclohexene 
and cyclohexadiene have also been measured. 

(h) The high temperature pyrolysis of benzene was stud
ied in a single pulse shock. Gas samples were heated 
by reflected shock waves; the products were analyzed 
by GC. The reaction rate was also followed by light 
absorption at 200-600 nm (benzene, biphenyl). The 
experimental data are interpreted by a chain mecha
nism consisting of 7 elementaty reactions. 

(i) The pyrolysis of mixtures of toluene and benzene 
were studied in a high temperature Knudsen cell by 
using modulated molecular beam mass spectrometric 
methods. 

G) Observed rate coefficient for the consumption of H 
atoms using the flash photolysis-resonance fluores
cence technique for p 10-200 Torr. H-atoms were 
produced by photolysis of benzene or H20. Time-de-

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

pendent detection of H-resonance fluorescence at 
121.5 nm (channel (2». An estimated rate coefficient 
for channel (1) (k1 = 5-10-12 exp( -4076/T) cm3 

molecule-1 S-I) gives negligible contribution to the 
overall rate at any temperature less than 1000 K. 
Consequently a limiting high pressure rate expression 
for channel (2) is evaluated for temperature range 
below 1000 K. 

(k) Dilute mixtures of deuterated benzene and of 
chlorobenzene were pyrolyzed behind reflected 
shock waves at total pressures of 2-3 atm. The forma
tion of D or H atoms was monitored by a time re
solved ARAS. 

(1) The shock tube-laser schlieren technique was used to 
investigate the high temperature pyrolsis of benzene 
in mixtures with krypton. The measured density gra
dient profiles were modelled by a 26 step mechanism 
(channel (1». 

Preferred Values 

k2,= = 6.7-10- 11 exp( -2170/T) cm3 molecule- 1 S-1 over 
range 300- 1000 K 

Reliability 
alog k2 = ± 0.2 

Comments on Preferred Values 
The present data do not allow an evaluation of a rate 

expression for the abstraction channel (1) because of the 
scattering of the experimental data at high temperatures. 

For the adduct reaction channel (2) a high pressure 
limiting rate coefficient is evaluated based on the data of 
Ref. 10. 

References 

1M. C. Sauer, Jr., and B. Ward, J. Phys. Chern. 71, 3971 (1967). 
2M. C. Sauer, Jr., and I. Mani, 1. Phys. Chern. 74,59 (1970). 
3'f. G. MkIyan, K. T. Oganesyan, and A. B. Nalbandyan, Arm. Khim. 

Zh. 14, 299 (1971). 
4'f. Asaba and N. Fujii, 13th Symp. (Int.) Cornbust., 155 (1971). 
sK.. Knutti and R. B. Buehler, Chern. Phys. 7, 229 (1975). 
6R. Louw and H. J. Lucas, Recueil 92, SS (1973). 
7K.. Hoyermann, A. W. Preuss, and H. Gg. Wagner, Ber. Bunsenges. 

Phys. Chern. 79, 156 (1975). 
HN. Fujii and T. Asaba, J. Fac. Eng., Univ. Tokyo, Ser. B 34,189 (1977). 
9R. D. Smith, J. Phys. Chem. 83, 1553 (1979). 
lOJ. M. Nicovich and A. R. Ravishankara, J. Phys. Chern. 88, 2534 

(1984). 
!lV. S. Rao and G. B. Skinner, J. Phys. Chern. 88, 5990 (1984). 
121. H. Kiefer, L. J. Mizerka, M. R. Patel, and H. C. Wei, J. Phys. Chern. 

89, 2013 (1985). 
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H + C6HsO (+ M) ~ C6HsOH (+ M) 

Thennodynamic Data 
M1298 = -362.1 kJ mol- l 

as~8 = -107.6 J K- 1mol- 1 

K" = 4.6·1O- 4T-0813exp( + 43373/T) atm- l 

k [cm3molecule -IS -1] 

Rate Coefficient Measurements 
4.2,10- 10 

Comments 

T[K] 

= 1000 

Rate Coefficient Data 

Reference 

He et al. (1988) 

Preferred Values 

Comments 

(a) 

(a) Obtain~d suldy by CUIIlput~r simulatiun uf th~ syst~m 
phenol + H (see appropriate data sheet), based on 
GC measurements of the two stable end products 
isobutene and benzene. 

In th~ absence of any other measurements the rate co
efficient of He et al.is recommended. 

References 
No literature is found on the potential role of bi
molecular channels. Iy. Z. He, W. G. Mallard, and W. Tsang, J. Phys. Chern. 92, 2196 

(1988). 

Thennodynamic Data 
M1298 (1) = -73.9 kJ mol- l 

~S~98 (1) = 8.9 J K- Imol- 1 

Kp(1) = 1.1·1()2 T- 05
28 exp( + 8693/T) 

Rate Coefficient Measurements 
kl = 1.9'10- 10 ~xp( -6240IT) 

k2 = 3.7'10- 11 exp( - 39901T) 

H + C6HsOH ~ C6HsO + H2 (1) 
~ CSH6 + OH (2) 

M1298 (2) = O.3kJ mol- l 

ASz98 (2) = 23.5 J K- 1mol- 1 

Kp(2) = 2.1-104 T-lll2 exp( -262/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

1000-11.50 

1000-1150 

Reference 

H~ el ul. (1988) 

He et al. (1988) 

Comments 

(if) 
(a) 

Comments CH4• Kinetic complications were investigated by vary
ing the stoichiometry and by computer simulation. 

(a) Shock tube; 2.5-5 atm of Ar. H source is the decom
position of CsHls to H atoms and isobutene. Phenol 
is in large excess over CSHIS and is thus the main H 
sink. Benzene is produced via reaction (2) and mea
sured by GC, together with isobutene yields. This es
tablishes the branching ratio for reactions (1) and (2). 
Absolute rate data are obtained by using CH4 + H as 
an internal standard, i.e., by observing the change of 
benzene yields under addition of several percent of 

J. Phys. C~~:,~, Ref. Data, Vol. 21, No.3, 1992 

Preferred Values 

In the absence of any other study the expressions of 
He et al.are preferred. 

References 

Y. Z. He, W. G. Mallard, and W. Tsang, J. Phys. Chern. 92, 2196 (1988). 
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Thennodynamic Data 
Mli9!l = - 368.0 kJ mol- 1 

ASi9!l = -110.9 J K- 1mol- 1 

Kp = 1.8.10-2 T-149 exp( + 44028/T) atm- 1 

Rate Coefficient Data 

k [cm3rnolecule -IS -1] T[K] Reference Comments 

Rate Coefficient Measurements 
1.3,10- to -1.3.10 - 9 

5.5·1O- to 
1450-1900 

298 
Brouwer et ale (1988)1 
Bartels et ale (1989)2 

(a) 
(b) 

Comments 

( a) The thermal decomposition of toluene has been rein
vestigated in shock wave experiments. The absorp
tion signals of toluene, benzyl, and assumed benzyl 
fragments were monitored. The rate coefficient was 
determined from modelling studies. 

(b) The reaction of benzyl radicals with Hand 0 atoms 
were studied in a flow reactor at room temperature 
and at pressures around 1 mbar. Molecular beam 
sampling and mass spectrometric detection were ap
plied. The rate for the recombination was measured 
with reference to the reaction of methyl radicals with 
deuterium atoms. 

Preferred Values 

k 5.5.10- 10 cm3 molecule- 1 S-1 over the range 300-
2000K 

Reliability 
~log k = ± 0.2 at room temperature increasing to 

± 0.7 at 2000 K 

Comments on Preferred Values 
The only direct measurements performed at room tem

perature provide evidence for the recombination channel 
to toluene. Owing to the high exothermicity of this reac
tion no barrier is expected to be involved, and the recom
mendation has been extended to the range up to 2000 K. 

References 

lL. D. Brouwer, W. Mueller-Markgraf, and J. Troe, J. Phys. Chern. 92, 
4905 (1988). 

2M. Bartels, J. Edelbuettel-Einhaus, and K. Hoyermann, 22nd Symp. 
(Int.) Combust., 1041 (1989). 

J. PhvR. Cham. Raf. [lata. Vol. 21. No.~. 199, 
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H + C6HsCH3 ~ H2 + C6HsCH2 (1) 
~ H2 + C6H4CH3 (2) 
~ CH3 + C6H6 (3) 

H + C6HsCH3 (+ M) ~ CsHsCH3 (+ M) (4) 

Thennodynamic Data 
ilH'5.98 (1) -68.0 kJ mol- 1 

M~98 (1) :::; 12.3 J K- 1mol-1 
M-Pi98 (2) 37.5kJ mol-1 

~911 (2) = 12.1 J K- 1mol- 1 

Kp (1) :::; 2.4 TO 171 exp( + 8060fT) Kp(2) 2.5 TO IS/! exp( -4630fT) 

M~8 (3) = -39.4 JK-1mol- 1 

ilH'5.98 (3) = 28.9 kJ mol- l 

Kp(3) = 2.1-104 T-0 940 exp( + 4400/T) 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

T[K] Reference CAlmments 

Rate Coefficient Measurements 
k3 3.3,10 -12exp( -755fT) 633 

298 
863-963 

303 
1500-1800 

Benson and Shaw (1967)1 (a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 

k4 1.7·lO- 13 Sauer and Ward (1967)2 
kl 1.4·lO- I Oexp( -4630/T) Mkryan et al. (1972)3 
k4 8.5,10- 14 

kl 8.3-1O- 11exp( -1864/T) 
Knutti and Buehler (1975)4 
Astholz et af. (1981)5 

kl 1.3-10-211 TS5 exp( -171fT) 
kl 5.4·10-gexp( -7548/T) 

600-1700 
1600-2150 
1600-2150 
1600-2150 

Rao and Skinner (1984)6 
Pamidimukkala and Kern (1985)1 

k2 5.4·10-gexp( -95611T) 
k3 2.1·lO- 12exp{ -1862/T) 
kl 1.8-lO-20 T30exp( -1183/T) 950-1100 

950-1100 
1300--1800 

773 
773 

1600-2100 

Robaugh and Tsang (1986)11 (h) 

(i) 
(j) 

k3 1_1-10-21 T30exp( + 377/T) 
kl == 7.3-lO-24 T4 0exp( -1057fT) 
k3 5_D-lO-13 

Mizerka and Kiefer (1986)9 
Baldwin etal. (1987)10 

9.7-lO- 13 

k2 4.2-10- 10 exp( -8052/T) 
kl = 8.3-lO- 10 exp{ -6290/T) 1380-1700 

Pamidimukkala et al. (1987)12 
Braun-Unkhoff et al. (1989)13 

(k) 
(I) 

Comments 

(a) Static system. Detection by gas chromatography and 
mass spectrometry. Rate expression for channel (3) 
deduced by comparison with H addition to benzene. 

(b) Pulsed radiolysis with product analysis by gas chro
matography. Transient species were monitored as 
function of time by absorption in the wavelength 
range 260-340 J.Lm. A k -value for the overall reaction 
(4) at room temperature was deduced. 

(c) Evaluation of a k-expression for channel (1) from a 
flow reactor study. 

(d) Fast flow reactor with product analysis by mass spec
trometry. H atoms produced in microwave discharge. 
Rate expression evaluated for the overall reaction 
(channel (4». 

(e) Shock tube study with toluene/Ar mixtures. Toluene 
and benzyl were monitored as function of time by ab
sorption in the 200-350 nm range. A rate expression 
for channel (1) was derived on the assumption that 
the benzyl radical exhibits sufficient thermal stability. 

(f) Shock tube study with initial mixtures of toluene-ds/ 
Ar and neopentane/toluene..lfs/ Ar mixtures. D and H 
atoms were monitored as function of time by ARAS. 
Investigation covered a temperature range from 
1200-1460 K for neopentane/toluene, and from 

J. Phys. Cham. Ref. Data, Vol. 21, No.3, 1992 

1410-1730 K for toluene experiments. Together with 
unpublished results of Ravishankara and Nicovich a 
non-Arrhenius expression for T = 600-1700 K was 
deduced for channel (1). 

(g) Shock tube study with mixtures of toluene and ethyl
benzene. respectively. Products were monitored as 
function of time by time-of-flight mass spectrometry. 
The rate expression for formation of benzyl radicals 
and hydrogen (channel (1)) is reevaluated from the 
data of Ref. 6. Rate expressions for the formation of 
methyl phenyl radicals and hydrogen (channel (2» 
and of benzene and methyl radicals (channel (3» are 
deduced from experiments. 

(h) Single pulse shock tube. The source of H atoms was 
the thermal decay of small quantities of hexa
methylethane_ The k -values have been derived on the 
basis of competive process H + CH4 ~ CH3 + H2 
with k 2.2,10-20 T3 0exp( -4045/T). Rate expres
sions for the formation of benzene and methyl radi
cals (channel (3)) and of benzyl radicals and 
hydrogen (channel (1» were obtained. 

(i) Small amounts of toluene (0.05-0.5%) have been 
added to slowly reacting mixtures of hydrogen and 
oxygen at 773 K. Under the experimental conditions 
the H2 + O2 system provides a reproducible source of 
H, 0, and OH radicals. The measurements of the rel-
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ative consumption of Hz and of the additive permits 
the evaluation of rate constants for the reaction of H, 
0, and OH with toluene. 

G) Shock tube study on high temperature pyrolysis of 
ethylbenzene with the laser schlieren technique. Rate 
expression for channel (1). 

(k) Two independent shock tube techniques (timewof
flight mass spectrometry and laser schlieren densito
metry) were used to investigate the high temperature 
pyrolysis of toluene in mixtures with Kr and Ne, re
spectively. A rate coefficient for the formation of 
methyl phenyl (channel (2» was obtained. 

(1) Shock tube study with very low initial concentrations 
of toluene in Ar. Hydrogen atom formation is moni
tored by ARAS. The measured H profiles were sensi
tive to kl in the later stage of observation time. A rate 
coefficient for channel (1) was deduced which is 
slightly smaller than the rate constant of Rao and 
Skinnet. 

Preferred Values 

kl 6.6,10-22 T3•44 exp( -1570/T) cm3 molecule- t S-1 

over range 600-2800 K 
k4 1.2,10- 13 cm3 molecule- 1 

8- 1 at T = 298 K 

Reliability 
alog kl = ± 0.5 at 2800 K reducing to ± 0.3 at 600 K 
alog k4 = ± 0.2 at 298 K 

Comments on Preferred Values 
Most of the available measurements give evidence for 

the product channel (1) leading to benzyl radicals and 
molecular hydrogen. It has to be noted that only a few 

experiments permit a discrimination between the chan
nels at elevated temperatures. Therefore from the major
ity of the data, the different product pathways have been 
deduced not by direct measurement of product distribu
tion and concentration but by modelling with the aid of 
plausible reaction systems. By combining the few room 
temperature data with the rate constant values at ele
vated temperatures, it has to be assumed that a change in 
the reaction mechanism occurs, possibly from channel (4) 
at room temperature to channel (1) dominating at tem
peratures above 1000 Kll. The data are insufficient to 
permit a recommendation of a rate expression for the 
overall H-consuming reaction over the whole tempera
ture range. For the adddition reaction (4) it is only possi
ble to evaluate a room temperature value. 
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H + P-CsH4(CHa)2 (+ M) ~ products 

549 

Rate Coefficient Measurements 
5.8'10-13 

Comments 

T[K] 

298 

Rate Coefficient Data 

Reference Comments 

Sauer, Jr., and Mani (1970)1 (a) 

Comments on Preferred Values 

(a) Pulse-radiolysis study at pressures around 75 bar. 
In the absence of other experimental data we recom

mend the rate coefficient reported by Sauer, Jr., and 
ManP. Analysis from transient spectra. 

Preferred Values Reference 

k = 5.8-10- 13 cm3 molecule- 1 S-1 at 298 K 1M. C. Sauer, Jr., and I. Mani, J. Phys. Chem. 74,59 (1970). 

Reliability 
~log k ± 0.1 

H + CSHSC2Hs ~ C6HsC2H4 + H2 (1) 
H + C6HsC2Hs (+ M) ~ C6H6C2Hs (+ M) (2) 

Thennodynamic Data 
ilH298 (i) = -94.6 kJ mol- 1 

AS~98 (1) 11.7 J K- 1mol- 1 

Kp(l) 2.4'10· T-O 199 exp( + 11180IT) 

Rate Coefficient Data (k = k1 + k2) 

Rate Coefficient Measurements 
3.3'10- 13 

Comments 

T[K] 

298 

Reference Comments 

Sauer, Jr., and Mani (1970)1 (a) 

Comments on Preferred Values 

(a) Pulse-radiolysis study at pressures around 75 bar. 
In the absence of other experimental data we recom

mend for the addition channel the rate coefficient k given 
by Sauer, Jr., and ManP. Analysis from transient spectra. 

Preferred Values Reference 

k = 3.3-10-13 cm3 molecule- 1 
S-1 at 298 K 1M. C. Sauer, Jr., and 1. Mani, J. Phys. Chem. 74, 59 (1970). 

Reliability 
~log k = ± 0.1 
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H2 (+ M) ~ H + H (+ M) 

Thermodynamic Data 
Mfi98 = 436 kJ mol- 1 

~298 = 98.6 J K-1mol-1 

~ = 3L3 Tl.1B eYp(-'i2100/T) atm 

Rate Coefficient Data 

Rate Coefficient Measurements 
1.6'10- 10 exp( -44740/T) 
5.5,10- 9 exp( -52990/T) 

Reviews and Evaluations 
3.7'10- 10 exp( -48350/T) 
1.5.10-9 exp( -48350/T) 
7.6,10- 5 T-l.4 exp( -52525/T) 

Comments 

T[K] 

3500-8000 
3500-8000 

2500-5000 
2500-5000 

600-2000 

M 

Ar 
Hz 

(a) Dissociation of H2 in Ar behind incident shock waves. 
Postshock density gradients measured by laser 
schlieren technique. 

Preferred Values 

k 3.7.10-10 exp( -48350/T) cm3 molecule- 1 S-1 over 
range 2500-8000 K for M = Ar 

k 1.5-10-9 cxp( -48350IT) cm3 moleculc- 1 S-l over 
range 2500-8000 K for M = H2 

Reliability 
alog k = ± 0.3 for M = Ar 
alog k = ± 0.5 for M = H2 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Breshears and Bird (1973)1 (a) 

Baulch et al. (1972)Z 

Tsang and Hampson (1986)3 

Comments on Preferred Values 
The value preferred by Baulch et al.2 has been 

adopted. The arguments given there are accepted, and 
the values measured after 1972 do not contradict this rec
ommendation. 

For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.2 for Ref.). 
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OH + H2 ~ H + H2O 

Thennodynamic Data 
tlHi98 = -62.9 kJ mol-1 

~8 = -10.9 J K- 1mol-1 

Kp = 0.113 TO.0&39 exp(7680/T) 

Rate Coefficient Data 

k[cm3 moleeule-1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
7.1'10- 15 300 Stuhl and Niki (1972)1 (a) 
8.&10- 11 exp( -3271/T) 1200-1800 Gardiner et al. (1973}~ (b) 
4.6'10- 12 1050 Day, Thompson, 

and Dixon-Lewis (1973)3 (e) 
7.&10- 15 298 Westenberg and deHaas (1973)4 (d) 
1.8.10-14 '152 
3.3'10- 14 403 
1.4-10-13 518 
3.7-10- 13 628 
6.6-10- 13 745 
1.8'10- 11 exp( -2333/T) 210-460 Smith and Zellner (1974)5 (e) 
8.6,10- 11 exp( -3248/T) 1350-1600 Gardiner, Mallard, and Owen (1974)6 (f) 
5.3,10- 15 300 Trainor and von Rosenberg (1975)7 (g) 
5.9'10- 12 exp( -2008/T) 297-434 Atkinson. Hansen. and Pitts (1975)8 (h) 
5.8'10- 15 295 Overend et al. (1975)9 (i) 
1.2'10-11 exp( -2214/T) 600-1300 Vandooren, Peeters, 

and van TiggeJen (1975)10 (j) 
8.5'10- 15 296 Sworsky, Hoehanadel, 

and Ogren (1980)11 (k) 
4.1'10- 19 T 2•44 exp( -1281/T) 250-1050 Tully et al. (1980,1981)12.13 (I) 
7.9'10- 11 exp( -3067/T) 1700-2500 Frank and Just (1985)14 (m) 
5.8,10- 15 295 Schmidt el al. (1985)15 (n) 
1.05.10-10 exp( -4045/T) 1246-2297 Michael and Sutherland (1988)16 (0) 

Reviews and Evaluations 
3.7·10- 11exp( -2586/T) 300-2500 Baulch et al. (1972)17 

.5.3'10-17 Tl.77 exp( -1528/T) Gardiner, Mallard, and Owen (1974)6 
1.7'10- 16 T16 exp( -1660/T) 300-2000 Zellner (1979)18 
1.8'10-11 exp( - 2333/T) 210-300 Baulch et al. (1980)19 
1.1.10-17 T2.0 exp( -1491/T) 240-2400 Cohen and Westberg (1983)20 
1.7.10- 16 T16 exp(-1660/T) 300-2500 Warnatz (1984)21 

Comments 

(a) Pulsed VUV photolysis of H20; [OH] by resonance 
fluorescence. Total pressure 20 Torr He. 

(g) Flash photolysis of H20IH2iN2 mixtures; [OH] by 
time-resolved resonance UV absorption spec
troscopy. Total pressures near 100 Torr. 

(h) Pulsed VUV photolysis of H20; [OH] by resonance 
fluorescence at 306.4 nm. Total pressures 15-25 Torr 
Ar. 

(b) Combustion of rich H2i02iAr mixtures behind inci
dent shock waves; [OH] by absorption spectroscopy, 
[C02] by emission at 4.2 f.Lm, CO + 0 chemilumines
cence. Numerical integration of 12 reaction mecha
nism. 

( c) Calculation of burning velocities and concentration 
profiles in rich H:JD2iO:JN2 flames. 

(d) Discharge-flow reactor; [OH] by ESR. Total pres
sures 1-3 Torr. 

(e) Flash photolysis of either H20 or N20/H2 mixtures; 
time-resolved resonance absorption of OR. Total 
pressures at least 10 Torr. 

(t) Shock-initiated combustion of rich H-JOJAr mix
tures; [OH] by resonance absorption. Numerical in
tegration of 12 reaction mechanism; k adjusted to fit 
the experimental OH concentration profiles. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

(i) Flash photolysis of H201H2 of N201H2 mixtures; 
[OH] by time-resolved resonance absorption. Total 
pressures 40-760 Torr. 

0) Lean COIH2i02 flames on a flat burner; molecular 
beam sampling coupled with mass spectrometry. To
tal pressure 40 Torr. k determined from mole flux of 
H20. 

(k) Flash photolysis of H20/CIL mixtures with and with
out H2 or N2 at atmospheric pressures; [CH3] by ab
sorption at 216 nm. Numerical integration of 11 
reaction mechanism. 

(I) Flash photolysis of H20/H2iAr mixtures; [OH] by res
onance fluorescence. 
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(m) Shock heating of N20IHzlOzlAr mixtures; [H] and 
[OJ by time-resolved atomic resonance absorption. 
Total densities (6.10-6-1.3.10-5

) mol cm-3
• Numeri

cal integration of 10 reaction mechanism. 
(n) Excimer laS~I phutulysis uf H202 or HNO) in syn

thetic air at a total pressure of 1 atm; [OH] by laser 
induced fluorescence near 300 nm. 

(0) Flash photolysis - shock tube study of k- 1; [HJ by 
atomic resonance absorption. k calculated from equi
librium data. 

Preferred Values 

k 1.7'10-16 T1.6 exp( -1660/T) cmJ molecule- l S-1 

over range 300-2500 K 

Reliability 
.:llog k = ± 0.3 at 2500 K reducing to ± 0.1 below 

1000 K 

Comments on Preferred Values 
The rate coefficient recommended by ZeUnerl8 is 

adopted, which represents the ample experimental mate
rial very well. 
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OH + OH ~ 0 + H20 

555 

Thermodynamic Data 
il.Hi.98 0= -70.6 kJ mol- 1 

LlS298 = -17.5 JK-1moI-1 

Kp = 6.24'10-2 ro OS7 exp( + 8600 fT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
9.1-10- 11 exp( -3523/T) 
2.2-10- 12 

1500-2000 
298 
298 
300 
298 

Gardiner et al. (1973)1 (a) 
(b) 
(c) 
(d) 
(e) 
(f) 

2.3-10- 12 
McKenzie, Mu1cahy,and Steven (1973)2 
Westenberg and deHaas (1973)3 

1.4.10-12 Clyne and Down (1974)4 
2.1,10- 12 

5.6.10- 11 exp( -2526/T) 118()""lR?O 
Trainor and von Rosenberg (1974)5 
Ernst, Wagner, and Zellner (1977)6 

3.2.10- 12 exp( -277fT) 
3.2'10- 12 exp( -242fT) 

250-380 
250-580 

and Zellner (1979)1 
Zellner and Wagner (1980)11 
Wagner and Zellner (1981)9 

(g) 
(g) 

Reviews and J:;vaiuations 
1.0.10- 11 exp( -553/T) 
1.8'10- 12 

300-2000 
298 

300-2000 
~O-2000 

300-2500 
300-2000 

Baulch et al. (1972)10 
Baulch el al. (1980)11 

2.5,10- 15 T1.l4 

9.1-10 13 exp(1.49'10 :I T) 
2.5,10- 15 Tl14 

Ernst, Wagner, and Zellner (1977)6 
Wagner and zellner (191HY 
Warnatz (1984)12 

3.5'10- 16 T14 exp( + 200/T) Tsang and Hampson (1986)13 

Comments 

(a) Combustion of lean Hv'OziAr mixtures behind inci
dent shock waves; [OH] by absorption spectroscopy, 
[C02] by IR emission, chemiluminescence from 
CO + 0 reaction. Numerical integration of 12 reac
tion mechanism. 

(b) Discharge-flow system; OR from R + NOz reaction; 
[OH] monitored by ESR. Total pressure 1 Torr He or 
Ar. 

(c) Discharge-flow system; OR radicals from H + N02 

reaction; [OH] monitored by ESR. Total pressures 
= 1 - 3 Torr He. 

(d) Discharge-flow system; OH radicals from H + NOz 
reaction; [OH] by resonance fluorescence. Total 
pressure = 120 nm- 2• 

(e) Flash photolysis of water vapor; [OH] by time-re
solved absorption spectroscopy at 308 nm. Total 
pressures 0 - 400 Torr N2. 

(f) Thermal decomposition of RN03 in Ar behind re
flected shock waves; time-resolved resonance absurp
tion of OH at 308 nm. From transition-state theory 
(BEBO): k = 1.1-10-15 T1.23 cm3 molecule- 1 

(g) Flash photolysis of H20JN2 mixtures; [OR] by time
resolved resonance absorption. Total pressures be
low 80 Torr. 

Preferred Values 

k 2.5.10- 15 TLl4 exp( -50IT) cm3 molecule- 1 S-1 over 
range 250--2500 K 

Reliability 
Alog k ± 0.2 over total range 

Comments on Preferred Values 
The rate coefficient preferred by Ernst, Wagner, and Zellne~ is 

taken as the recommendation due to the fact that it is based on exper
imental work over a large temperature range and careful evaluation of 
literature data. 

For clarity, rate data measured before 1972 are included in the 
Arrhenius plot (see Baulch et al.10 for reference). 
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Thennodynamic Data 
tJf298 = -214 kJ mol- 1 

M~8 = -134 J K-1mol-1 

Kp = 2.26-10- 8 T0D91 exp( + 26000/T) atm- 1 

Rate Coefficient Data 

T[K] [M] [molecule cm-3] Comments 

Rate Coefficient Measurements 
Low Pressure Range 

[N2] 9.1-10- 31 

[N2] 6.9-10- 31 

[N:l] °_2.10-31 

[HzO] 4.0,10-30 

[H20] 4.1'10-30 

Intennediate Fall-off Range 
5.6-10- 12 

5.9-10- 12 

3.4'10- 12 

Reviews and Evaluations 
ko = [Nz] 1.6-10-23 T- 3 

ko [Nz] 8.0'10-31 (T/300)-076 
k= = 1.5'10- 11 (T/3OO)-037 
Fc(Nz) = 0.5 

Comments 

253 (0.06-2.7)'1019 

298 
353 
298 
353 

253 3.1'1019 (N2) 
298 2.9'1019 

353 1.4.1019 

500-2500 
250-1400 
200-1500 
200-1500 

(a) Flash photolysis of H20 vapour in N2• Detection of 
OH by laser induced fluorescence. Discussion of ear
lier more scattered data. 

(b) As comment (a). Extrapolation toka) = 1.5-10- 11 em3 

molecule -1 s -1 using Fc = 0.6. 
(c) Based on results of the reverse dissociation of H20 2 

and RRKM calculations. 
(d) Theoretical construction of fall-off CUIVes for the for

ward and reverse reaction based on the experimental 
results from Ref. 1 and consistent with non-thermal 
H20 2 dissociation lifetime measurements. 

Preferred Values 

ko = [N2] 8.0-10-31 (T/300)-071i CIIl~ Illolecule- t s-I 

over range 250-1400 K 
ko = [H20] 4.0-10-30 cm3 molecule- t S-1 over range 

300-400 K 
k"" = 1.5-10- 11 (T/3OO)-O.37 em3 molecule- 1 S-1 over 

range 200-1500 K 
Fe = 0.5 for M = N2 over range 200-1500 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Zellner et al. (1988)1 (a) 

Zellner el al. (1988)1 (b) 

Tsang and Hampson (1986)2 (c) 
Brouwer et al. (1987)3 (d) 

Reliability 
~log ko = ± 0.4 over range 250-1400 K for M = N2 
L\log k eo = ± 0.5 over range 200-1500 K 
!::.Fe = ± 0.2 over range 200-1500 K 

Comments on Preferred Values 
The preferred values are from the analysis in Ref. 3 of 

theoretical modelling and experimental results from 
Ref. 1. Since the earlier experimental data scatter consid
erably, new experiments are required before safe recom
mendations can be made. 
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OH + H02 ~ H20 + O2 

Thermodynamic Data 
Alrm = -291 kJ mol- 1 

4S"298 = -18.8 J K-lmol-1 

Kp = 0.517 T-0.247 exp(35000/T) 

Rate Coefficient Data 

k[cm3 molecule-1 S-1] T[K] Reference Comments 

Rate Coefficient Measurements 
= lO-11_10- 12 1400 Troe (1969)1 (a) 
2.0-10- 11 2130 Friswell and Sutton (1972)2 (b) 
2.o-lO- 1O 298 Hochanadel, Ghormley, and Ogren (1972)3 (c) 
6.6·lO- 12 1050 Day, Thompson, and Dixon-Lewis (1973)4 (d) 
8.3·lO- 11 1400-1800 Peeters and Mahnen (1973)5 (e) 
1.6'10- 10 298 DeMore and Tschuikow-Roux (1974)6 (f) 
< 3.0-10- 11 298 Hack, Hoyermann, and Wagner (1975)' (g) 
1.4·lO- 11 900-1100 Dixon-Lewis and Rhodes (1975)8 (h) 
5.1·lO- 11 293 Burrows, Harris, and Thrush (1977)9 (i) 
2.2·lO- 11 293 Hack, Preuss, and Wagner (1978)10 (j) 
(2.0-3.0)·lO-11 295 Chang and Kaufman (1978)11 (k) 
(1.2-1.3)'10- 10 230-334 DeMore (1979)12 (I) 
1.0-10- 10 298 Burrows et al. (1979)13 (m) 
1.00lO- IO 308 Lii et al. (1980)14 (n) 
1.2·lO- IO 296 Hochanadel, Sworski, and Ogren (1980)15 (0) 
9.90lO- 11 308 Cox, Burrows, and Wallington (1981)16 (p) 
6.2·lO- 11 288-348 Burrows, Cox, and Derwent (1981)17 (q) 
7.5·lO- 11 298 Sridharan, Qh., and Kaufman (1981)18 (r) 
5.8'10- 11 298 Thrush and Wilkinson (1981)19 (s) 
6.4·lO-u 299 Keyser (1981)20 (t) 
= 1.1·lO- IO 298 Braun, Hofzumahaus, and Stuhl (1982)21 (u) 
1.2'10- 10 298 DeMore (1982)22 (v) 
6.6'10- 11 296 Temps and Wagner (1982)23 (w) 
5.2.10- 11 298 Rozenshtein et al. (1984,85)24.25 (x) 
1.7·lO- 11 exp( + 416/T) 252-420 Sridharan, Qiu, and Kaufman (1984)26 (y) 
4.8·lO- 11 exp( + 250/T) Keyser (1988)27 (z) 

Reviews and Evaluations 
3.5·lO-11 298 Baulch et al. (1980)28 
3.3'10- 11 300-2000 Warnatz (1984)29 
2.3'lO-8 T-l 300-1400 Tsang and Hampson (1986)30 

Comments 

(a) Thermal decomposition of H202 in Ar behind re
flected shock waves. [H20 2] by UV absorption at 290 
nm. Total densities 10-!l-2'10-4 mol cm-:i Ar. 

[03] monitored by absorption at 253.7 nm. Relative 
measurements with 0:z/H20 and 02I'H20/CO mix
tures. Given value for k based on k(OH + O2) 

6'10- 14 cm3 molecule-I S-I and k(H02 + H02) = 
3.6'10- 12 cm3 molecule- 1 S-I. 

(b) Flat premixed lean H:J01iN2 flames; [H] measured by 
Li/LiOH method. k derived under the assumption of 
pactial equilibl-iull1 foc R + 02 and OR + OR reac
tions. 

(c) Flash photolysis of water vapour at atmospheric pres
sure. [OR] and [H02] monitored by absorption mea
surements. Rate parameter adjusted by numerical 
simulation of a reaction mechanism. 

(d) Computer simulation of burning velocities of rich H:J 
0:JN2 flames. No great accuracy. 

(e) Lean and stoichiometric CHJ02 flat flames at 40 
Torr; molecular beam sampling and mass spectro
metric analysis. 

(f) Photolysis of O:JH20 mixtures at 184.9 nm until a 
steady-state was reached. Total pressure 700 Torr. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

(g) Discharge-flow reactor; [OH] by electron spin reso
nance. Total pressures around 2 Torr He. Computer 
modelling of the reaction system. 

(h) Flat flame study; evaluation of existing experimental 
data. 

(i) Fast-flow study of OH + H202 or H + H202 reaction 
at a few Torr. [OH] and [H02] monitored by laser 
magnetic resonance 

0) Discharge-flow reactor. [OB] and [H02] monitored 
by laser magnetic resonance. Total pressures around 
250 Pa He. Original value 3.0,10-11 cm3 molecule-I 
s -1, corrected by Keysero due to a new value for 
k(OH + H20 2)31.32. 

(k) Discharge-flow reactor. Total pressures 2.1-3.7 Torr. 
[OH] by resonance fluorescence at 309 nm, [03] by 
absorption at 253.7 nm. Given range of k derived by 
computer modelling of a 12 reaction mechanism. 
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(1) As in (t), but smaller reaction cell and absorption 
spectrum scanned over the range 180-200 nm to 
monitor also HzOz. 

(m)Discharge-flow system [OR] and [HOz) monitored by 
laser magnetic resonance. Total pressure 2 Torr. 
Original value 5.1,10- 11 cm3 molecule -1 s -1, corrected 
by Keysero due to a new value for k(OH + HZOZ)31.32. 
Result based on k(OH + H20 2) = 8-10- 13 cm3 

molecule- 1 S-I. 

(n) Pulse-irradiation of H20/O:z/Ar mixtures. Total pres
sures up to 1200 Torr. Absorption measurements of 
HOz (230 nm) and OH (308.7 nm). Computer mod
elling of a 14 reaction mechanism and parameter fit
ting to experimental concentrations. 

(0) Flash photolysis of HzO in a H20/0:UH~ sysl~m at at
mospheric pressure. [H02] monitored by absorption 
at 220 nm. Computer modelling of a 21 reaction 
mechanism. 

(p) Low-frequency square-wave modulated photolysis of 
OJI-hO mixtures monitoring the steady-state absorp
tion of H02 at 210 nm. Total pressure 1 atm. Exper
imental upper limit for k adjusted to a lower value by 
computer modelling of a 17 reaction mechanism. 

(q) Modulated photolysis of 03 / H20 / O2 / N2 or 03 / 
H 20 / O 2 / He mixtures at atmospheric pressure. 
[H02] monitored by absorption at 210 nm, [OH] by 
resonance absorption at 308.2 nm. Modelling of a 15 
reaction mechanism. The time dependence of [H02] 

could not be accurately described throughout a pho
tolysis cycle by a single value of k. 

(r) Discharge-flow system. [OH] by laser-induced fluo
rescence, [H] and [0] by VUV resonance fluores
cence; [H02] measured by rapid conversion to OH 
with excess NO. Total pressure near 3 Torr. 

(s) Discharge-flow tube. [OH] and [HOz] by laser mag
netic resonance. Given value of k based on k(H02 + 
H02) = 1.6-10- 12 cm3 molecule- 1 S-1. 

(t) Discharge-flow system. [OB], [0], and [H] monitored 
by resonance fluorescence. Total pressure 1 Torr. 
Computer simulation of 9 reaction mechanism. 

(u) VUV flash photolysis of small amounts of H20 di
luted in N2 at atmospheric pressure under slow-flow 
conditions. [OR] by resonance absorption at 308.2 
nm. Computer simulation of a 16 reaction mecha
nism. 

(v) Photolysis of R 20 at 184.9 nm in He or Ar diluent 
with trace amounts of O2• Tota1 pressures 75-730 
Torr. Steady~state concentration of OH monitored by 
laser induced fluorescence. Computer simulation of a 
7 reaction mechanism with a given value of k for at
mospheric pressure. The authors observed a decline 
of k at lower pressures and support the hypothesis of 
a pressure-dependent radieal- radical association in 
addition to the abstraction path of the reaction. 

(w) Discharge-flow reactor. Total pressures 2.13 - 6.34 
mbar He. [OH], [H02], and [0] by laser magnetic res
onance. Computer simulation of a 15 reaction mech
anism. The results of Hack et al.1O are shown to be too 
low because of leaks in their apparatus; the former 

measurements were reproduced and the results were 
now consistent with new data. 

(x) Discharge-flow system. Total pressures 8-10 Torr 
He. [OH] by electron paramagnetic resonance, [H02] 
by laser magnetic resonance. 

(y) Discharge-flow tube. [OH] monitored by laser in
duced fluorescence, [H02] by rapid conversion to OR 
with excess NO. The authors suggest the formation of 
a bound H203 complex as pressure-dependent reac
tion component. 

(z) Discharge-flow system; [OH] by resonance fluores
cence, [H021 by converting to OH with an excess of 
NO. N02 used to remove 0 and H atoms. Total pres
sure 1 Torr. The author concludes little or no pres
sure dependence of k over the range 1-1000 Torr 
because of the good agreement with measurements at 
1 atm. 

Preferred Values 

k 4.8-10- 11 exp( + 2501T) em3 molecule-1 S-1 over 
range 300-2000 K 

Reliability 
alog k "'" ± 0.2 at 300 K rising to ± 0.5 at 2000 K. 

Comments on Preferred Values 
The value of Keyser27 is adopted as it is one of the few 

temperature dependent values and consistent with most 
of the low temperature materia1. 
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OH + H20 2 -+ H02 + H2O 

Thennodynamic Data 
1:Jl'298 == -134 kJ moI-l 
M~8 = 1.23 JK-1mol-1 

K" 63.7 T-O.61 exp(16000 / T) 

Rate Coefficient Data 

k[cm3 molecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
4.1'10- 13 ro.s exp( -604fT) 300-458 Greiner (1968)1 (a) 
1.2-10- 12 298 Gorse and Volman (1972)2 (b) 
8.0010- 12 exp( -670/T) 298-670 Hack et al. (1974)3 (c) 
6.8,10- 13 298 Harris and Pitts (1979)4 (d) 
2.5,10- 12 exp( -126/T) 245-423 Keyser (1980)5 (e) 
3.0010- 12 exp( -164/T) 256-459 Sridharan et al. (1980)6 (t) 
1.6,10-12 295 Nelson clal. (1981}7 (g) 
3.7,10-12 exp{ -260/T) 273-410 Wine et al. (1981)11 (h) 
1.7.10-12 296 Temps and Wagner (1982)9 (i) 
1.2'10- 12 298 Marinelli and Johnston (1982)10 G) 
2J)·1O- 12 exp( -158fT) 250-370 Kurylo et al. (1982)11 (k) 
7.0010- 20 T2S exp( + 838fT) 241-413 Lamb el al. (1983)12 (I) 

Reviews and Evaluations 
1 7.10- 11 P.Yp( -Q07JT) 300-800 Baulch et al. (Hl72)13 
7.6,10- 12 exp( -674/T) 200-700 Baulch et al. (1980)14 
1.2.10- 11 exp( -722fT) 300-1000 Warnatz (1984)15 
2.8,10- 12 exp( -156/T) 300-2500 Tsang and Hampson (1986)16 

Comments 

(a) Flash photolysis ofH20 2; [OH] by absorption at 306.4 
nm. Total pressure 100 Torr Ar. 

(b) Photolysis of H20 2 at 254 nm in the presence of CO 
and O2; mass spectrometric analysis. Total pressures 
10-40 Torr. k/k(OH + CO) = 8.13; given value of k 
based on k(OH + CO) = 1.5-10-13 cm3 molecule- l 

S-I. 

(c) Isothermal flow reactor; microwave discharge of Hi 
He; OH produced by H + N02 reaction. [H] and 
[OH] monitored by ESR. k probably underestimated; 
OH is mort:: rapidly rt::gent::rated by HOz + NO ~ 
OH + NOz6• 

(d) VUV flash photolysis of mixtures of H20 2 and H20; 
[OH] monitored by resonance fluorescence near 306 
nm. Result is too low due to the formation of H by 
H20 2 photolysis and the fast back reaction H + H02 

~ 2 OH6. 
(e) Flow tube; microwave discharge of HMe and H + 

NOz reaction; [OH] by resonance fluorescence near 
308 nm. No pressure dependence between 1 and 4 
Torr. 

(f) Flow tube; microwave discharge of Hz or FMe mix
tures. [OH] monitored by laser induced fluorescence 
at 308.6 nm, [H] and [0] by resonance fluorescence 
at 121.6 nm or 130.2 nm, [HzOz] by absorption mea
surements at 213.9 nm. 

(g) Laser flash photolysis of HN03 at 249 nm under slow 
flow conditions. [OH] monitored by resonance fluo
rescence, [HzOz] by absorption at 200 nm. Total pres
sure 10 Torr Ar. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

(h) Pulsed laser photolysis ofH20 2 at 266 nm. [OH] mon
itored by resonance fluorescence, [HZ02] by absorp
tion at 228.8 nm. Total pressure 100 Torr He or 40 
Torr SF6• 

(i) Isothermal flow reactor; microwave discharge of F2i 
He. [OH] and [H02] by laser magnetic resonance. 
Total pressures 2-6 mbar He. 

G) Laser flash photolysis of H20 Z at 248 nm. [OH] by 
resonance fluorescence, [HzOz] by absorption at 200 
nm. Total pressure 10 Torr Ar. 

(k) Flash photolysis of HzOM20/Ar mixtures over a 
wide pressure range. [H202] by absorption at 213.9 
nm, [OH] by resonance tluorescence. 

(I) Flash photolysis of H20 2. [OH] by resonance fluores
cence near 308 nm, [H20Z] by absorption measure
ments in the 205-220 nm range and by Fourier 
transform infrared spectroscopy. Total pressure 760 
Torr He. 

Preferred Values 

k 1.3,10- 11 exp (- 670fT) cm3 molecule- 1 S-1 over 
range 300-1000 K 

Reliability 
~log k ± 0.2 over total range. 

Comments on Preferred Values 
The preferred value is based on the activation energy 

recommended by Baulch et aI,14; the preexponential fac
tor has been increased to represent new experimental 
data. 
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For clarity, rate data measured before 1972 are in
cluded in the Arrhenius plot (see Baulch et al.13 for refer
ence). 
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OH + H20 2 ~ H02 + H20 

T/K 
1000 

t 

EXPERIMENTAl. OATA 

Gorse and Vol man 1972 
Hoek et 01 1974 
Meagher and Heicklen 1974 
Hack et 01 1975 
Vardonyon et 01 1974 
Harris and Pitts 1979 
Baldwin ond Walker 1979 
Keyser 1980 
Sridharan et 01 1980 
Hack e\ 01 1980 
Temps and Wagner 1982 
Kaufman 1981 
Wine et 01 1981 
Sridharon et 01 1981 
Keyser et 01 1981 
Marinelli and Johnston 1982 
Nelson et 01 1961 
Kurylo et 01 1982 
Molino el 01 1982 
Lomb et 01 1983 
Boldwin et 01 1970 
I'"rost and Oldenberq t 9.JCI 

r orst and Gigeure 1958 
Baldwin and Moyor 1960 
80ldwin and Bratten 1962 
Foner and Hudson 1962 
'Boldwin et 01 1965 

Greiner 1966 
Hoare 1966 
Boldwin et 01 1967 
Greiner 1968 

This Recommendation 1989 

1.0 1.5 

500 400 

2.0 2.5 

1 03r -l /K- 1 
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OH + NH ~ NO + H2 (1) 
~ N + H20 (2) 

Thermodynamic Data (See Comments on Pre/erred Values) 
Mi298 (1) = -305 kJ mol- 1 Mi298 (2) = -164 kJ mol-1 

M 298 (1) = -23.5 J K-lmol-l AS298 (2) = -22.8 J K-1mol- 1 

Kp(I) = 1.52·1O-2T- O 193 exp( + 36800/T) Kp(2) =5.61·1O-2T-0018 exp( + 19890/T) 

Rate Coefficient Measurements 
8.3.1011 

Comments 

T[K] 

300 

Rate Coefficient Data (k = k1 + k2) 

Reference 

Hack and Kurzke (1985)1 

Comments on Preferred Values 

565 

Comments 

(a) 

(a) Discharge-flow system; NH2 generated by the se
quence F + NH3 ~ HF + NH2, O2 added down
stream. [NHz], [NH], [OH] monitored by laser 
induced fluorescence. Measured concentration pro
files simulated. 

Preferred Values 

The only measurement is indirect and although we ac
cept it as our recommended value we assign large error 
limit. The reaction is likely to have a low activation en
ergy and at high temperatures (2000 K) the rate constant 
is likely to be no more than an order of magnitude larger. 
However, the branching ratio may vary considerably with 
temperature. The thermodynamic data should be used 
with caution. There are significant uncertainties associ
ated with the data on NH. 

Reference 

Reliability 
.6.1og k - ± 0.5 over range 300-1000 K lW. Hack and H. Kurzke, Ber. Bunsenges. Phys. Chern. 89,86 (1985) . 

OH + NH2 ~ 0 + NH3 (1) 
~ H20 + NH (2) 

The17nodynamic Data (See Comments on PrefelTed Values) 
Mi298 (1) = -26.1 kJ mol- 1 

Mi298 (2) = -115 kJ mol- 1 

ASZ98 (1) = -24.6 J K- 1mol- 1 AS298 (2) = -8.3 J K- 1mol- 1 

Kp(l) = 2.09'10- 3 T0 405 exp( + 3420/T) Kp(2) = 0.591 T-0 072 exp( + 13800/T) 

Reviews and Evaluations 
kl = 1.10- 13 exp( -2500/T) 
kl = 1'10- 13 

Comments 

T[K] 

300-toOO 
300-1000 

Rate Coefficient Data 

Reference 

Baulch et al. (1973)1 
Hampson (1980)2 
CODATA (l98Zf 

Preferred Values 

Comments 

(a) 
(b) 
(c) 

(a) Calculated from k-l and a value for the equilibrium 
constant now known to be incorrect. 

kl 3.3'10- 14 T0 405 exp( -250fT) cm3 molecule- 1 S-1 

(b) Calculated from Baulch et al.'s k-l and revised equi
librium data. 

( c) Review of low temperature data; no recommenda
tion. 

over range 500-2500 K 

Reliability 
Alog kl = :t 0.5 over range 500-2500 K 

Comments on Preferred Values 
There are no experimental data for k or the branching 

ratio. 

J. Phys. Chern. Ref. Data, Vol. 21, No.3, 1992 



666 BAULCH ETAL 

However, the reverse of reaction (1) has been exten
sively studied. We have evaluated the available data 
(Refs. 4-18) and obtain k-l = 1.6-10-11 exp( -3670IT) 
cm3 molecule-Is-lover the range 500-2500 K. 
Combining this with the thermodynamic data gives the 
recommended value for k 1• There is no information on 
the relative importance of the two possible channels. 
There are significant uncertainties associated with the 
thermodynamic data on NH. 

SL. I. Arramenko, R. V. Kolesnikova, and N. L. Kuzntsova, Izvest. 

References 

Akad. Nauk SSSR. Otd. Khim. Nauk, 983 (1%2). 
6E. L. Wong and A. E. Potter, J. Chem. Phys. 39, 2211 (1%3). 
7E. L. Wong and A. E. Potter, J. Chern. Phys. 43, 3371 (1%5). 
8K. T. Aganesyan and A. B. Nalbandyan, Dokl. Akad. Nauk SSSR, 160, 

162 (1965), English Translation p 18. 
~. J. Kurylo, G. A. Hollinden, H. F. LeFevre, and R. B. Timmons, J. 

Chem. Phys. 51, 4497 (1%9). 
lHE. A. Albers, K. Hoyermann, H. Gg. Wagner, and J. Wolfrum, 12th 

Symp. (Int.) Combust., 313 (1969). 
11K. Kirchner, N. Merget, and C. Schmidt, Chemie Ingenieur Technik 

46, 661 (1974). 

ID. L. Baulch, D. D. Drysdale, D. G. Home, and A. C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 2, Butter
worths, London (1973). 

12C. Lalo and C. Vermiel, J. Chim. Phys. 77, 131 (1980). 
13R. A. Perry, Chem. Phys. Lett. 106. 223 (1984). 
14D. L. Baulch, I. M. Campbell, and R. Hainsworth, J. Chem. Soc., 

Faraday Trans. I, 80, 2525 (1984). 
lSN. Fujii, H. Sato, S. Fujimoto, and H. Hiyama, Bull. Chern. Soc. Japan 

57, 277 (1984). 2R. F. Hampson, Report No. FAA-EE-80-17 (1980), U. S. Dept. of 
Transport. 

3CODATA Task Group, "Evaluated Kinetic and Photochemical Data 
for Atmospheric Chemistry". Supplement I, J. Phys. Chem. Ref. Data, 
11, 327 (1982). 

I('S. Salimian, R. K. Hanson, and C. H. Kruger, Int. J. Chern. Kin. 16, 
725 (1984). 

4C. P. Fenimore and G. W. Jones, J. Phys. Chern. 65, 298 (1961). 

17N. Fujii, K. Chita, S. Uchida, and H. Hiyama, Chern. Phys. Lett. 127, 
141 (1986). 

II!N. Cohen, Int. J. Chern. Kin. 19,319 (1987). 

Thennodynamic Data 
MliIJ8 = -104 kJ mol- 1 

~298 = -52.8 JK-Imol-l 
Kp = 4.24·lO-7 TI.t8 exp( 13000fT) 

Rate Coefficient Measurements 
2.7·lO- 13 

1.5-10-13 

3.o-lO-13 

1.6·lO-13 

2.o-lO- 13 

2.7'10- 13 

;::= 1.5'10-13 

2.2·lO-13 exp( - 88/T) 
1.5'10-13 

9.1'10- 14 exp{(1.22·10-3 T)} 
2.1'10- 13 

1.5-10- 13 

2.3.10- 13 

2.4.10- 13 

1.5'10- 13 

Reviews and Evaluations 
2.5-10- 17 TI3 exp( + 385fT) 
7.3·lO- 18 TI5 ~xp( + 373/T) 
1.2.10- 13 exp(9.2·10-4 T) 
1.5'10-13 

1.2·lO-13 exp(9.2-10-4 T) 

T[K] 

296 
299 
298 
773 
296 
304 
300 

293-430 
300 

250-1040 
298 
298 
298 
299 
298 

250-2000 
300-2000 
300-2000 
200-300 
300-2500 
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OH + CO ~ H + CO2 

Rate Coefficient Data 

Reference 

Cox, Derwent, and Holt (1976)1 
Atkinson, Perry, and Pitts (1976,1977)2.3 
Chan el al. (1977t 
Atri et al. (1977)5 
Overend and Paraskevopoulos (1977)6 
Butler, Solomon, and Snelson (1978)' 
Biermann, Zetzsch, and Stuhl (1978t 
Clyne and Holt (1979)9 
Husain, Plane, and Slater (1981)10 
Ravishankara and Thompson (1983)11 
Paraskevopoulos and Irwin (19H4)12 
DeMore (1984)13 
Hofzumahaus and Stuhl (1984)14 
Niki el al. (1984)IS 
Smith and Williams (1985)111 

Baulch et al. (1976)17 
Warnatz (1979,84)18 
Zellner (1979)19 
Baulch el al. (1980)20 
Tsang and Hampson (1986)21 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
(k) 
(I) 
(rn) 
(n) 
(0) 
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Comments 

(a) Flow tube: photolysis of gaseous nitrous acid 
(HONO) at atmospheric pressure. (HONO], (N01, 
and rN021 by the ozone-NO chemiluminescence 
technique. k measured relative to 
k(OH + HONO) ~ H20 + N02 and based on 
k(OH + H2 ~ H 20 + H) = 7.0-10- 15 cml 

molecule -IS -1_ 

(b) Pulsed vacuum ultraviolet photolysis of H20 (X > 
105 nm); slow flow conditions. [OH] by time-resolved 
resonance fluorescence at 306.4 nm. No effect of to
tal pressure in the range 25-654 Torr Ar; when SF6 is 
used as diluent gas, k rises from 1.5-10-13 cm3 

molecule- 1 S-1 at 25 Torr to 3.4-10- 13 cm3 

molecule-1s- 1 at 604 Torr. 
(c) Photolysis of dilute mixtures of HONO, CO, i--C4HlO, 

and NOx in synthetic air; Fourier transform infrared 
spc\,;truiS\,;upy. k mcaiSureu rdalive to k(OH + 
i--C4H lO). Given value of k for p = 700 Torr, reducing 
to 1.4.10- 13 cm3 molecule- 1s- 1 at 100 Torr. 

(d) Small amounts of CO added to slowly reacting 
H:zIO;JN2 mixtures; relative H20 and CO2 yields by 
gas chromatography. Numerical integration of 19 re
action mechanism. 
k(CO + OH)/k(OH + H 2) = 0.235; based on 
k(OH 4- H2) = 6.8-10- 13 cm3 molecule- 1 

S-I. Total 
pressure 500 Torr. 

(e) VUV photolysis (A < 160 nm) of HzO in the pres
ence of CO; [OH] by time-resolved resonance 
absorption. Given value of k for p = 50 Torr He. k = 
3.2-10- 13 cm3 molecule- 1s- 1 for 200 and 350 Torr SF6• 

(f) Photolysis of H20 2 in O-JN2iCO or O:zIN:zICO/i -bu
tane mixtures; [CO] by gas chromatography. Rate of 
Ref. reaction k(OH + i-C4HlO) = 1.6.10-12 cm3 

molecule- 1 5-1 at 100 Torr based on a low pres
sure value of k(CO + OH) = 1.5'10- 13 cm3 

molecule-1s- 1 and assumed to be pressure-indepen
dent. Given value of k is the high-pressure limit for p 
~ 300 Torr; depends also on the rate of the H202 + 
OH reaction (set to 8.0,10- 13 cm3 molecule- 1 S-I). 

(g) Pulsed VUV photolysis of H20 in the presence of CO 
and N2 or He; [OH] by time-resolved resonance ab
sorption near 308 nm. Total pressures 25-750 Torr. 
No pressure effect of Nz at pressures below 1 atm, 
but a stI'ong increasing effc\,;L uf 02 aL high N2 pres
sures; at high Oz concentrations constant value of k; 
at 0.28 Torr O2 linear dependence of k on Nz pres
sure. ObselVations exp1::tineil hy a complex reaction 
mechanism involving formation of an excited HOCO 
adduct decomposing to H + C02 or reacting after 
stabilization with O2 to give H02 + CO2• The authors 
recommend a linear extrapolation from 1.4'10- 13 

cm3 molecule- 1s- 1 near 0 Torr to 2.8-10- 13 cm3 

molecule- 1 S-1 at 760 Torr. 
(h) Flow system; microwave discharge of Hz, OH fruUl 

H + NOz; [OR} by resonance fluorescence near 307 
nm. Total pressure 200-260 Pa. 

(i) VUV photolysis of water vapour (X > 105 nm); [OH] 
by time-resolved resonance fluorescence at 307 nm. 
Slow flow conditions: total pressure 3.2 kPa He. 

(j) Flash photolysis of H20 (A. > 165 nm); [OR] by time
resolved resonance fluorescence. Slow flow condi
tions; total pressure 100 Torr Ar. 

(k) VUV flash photolysis of H20; [OH] by time-resolved 
resonance absorption at 308.2 nm. Given value of k 
for p = 600 Torr Nz, reducing to k 1.4.10-13 cm3 

molecule -1 s -1 at 20 Torr. Addition of small amounts 
of O2 (0.1-0.2 Torr) resulted in non-exponential and 
slower decays of [OH]. Relative efficiencies in the 
deactivation of HOHO*: H 20: SF6 : CF4 : N2 : He = 
1.0 : 0.5 : 0.3 : 0.1 : 0.02. 

(1) Photolysis of H20/CO mixtures at 184.9 nm: [OH] by 
laser-induced fluorescence near 309 nm. Slow flow 
conditions. k given for total pressures of 200-730 
Torr Ar; similar result at 200 Torr N2. With SF6 as 
diluent k increases reaching a factor of 2 at 730 Torr 
SF6• Within the experimental accuracies no depen
dence on Ar pressure, for N2 enhancement of 30-
500/0; results according to the normal third-body 
efficiencies of these gases. No influence of added O2 

on the pressure enhancement. Recommendation for 
pressure dependence: k = 1.5-10- 13 (1 +0.4 p[atm]) 
cm.'! molecule- 1 S-1. 

(m) VUV photolysis of H20 in the presence of N2; [OH] 
by resonance absorption. Total pressure 980-1000 
robar. Reinterpretation of the data of Dicrmann, Zct
zsch, and Stuh18

; effects of O2 addition explained by 
radical - radical reactions not considered there. 

(n) Photolysis of mixtures containing RONO (R = CH3, 

C2Hs) , NO, isotopic CO, and C2H4; Fourier trans
form infrared spectroscopy. Total pressure 700 Torr 
purified air. k(OH + CzJ:L)/k(OH + CO) = 35.95 
and 36.30 for IJC160 and 12C1BO, respectively. 
k(OH + CO) based on k(OH + CZH4) = 8.5'10- 12 

cm3 molecule- 1 S-I. 

(0) Pulsed photolysis of H 20 or HNOj (A > 185 nm); 
[OH] by laser induced fluorescence. Total pressure 
18 Torr Ar. 

Preferred Values 

k = 1.05-10'17 Tl S exp( + 250fT) cm3 molecule -1 s -1 over 
range 300-2000 K 

Reliability 
.6.1og k = ± 0.2 at 300 K rising to ± 0.5 at 2000 K 

Comments on Preferred Values 
The large scatter of the high temperature measure

ments does not allow exact assignment of a rate coeffi
dent. Thus, a relatively high value has been chosen 
compatible with flame simulations which are very sensi
tive to the rate of this reaction22. 
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Cox et 01 1976 
AtJdnson et 01 1976 
Atri et 01 1971 
Overend and Paraskevopoulos 1 977 
DuUer et 01 1978 
mermann fit 01 197B 
c.lyne and Holt 1979 
HU!lain fit oj 1981 
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DeMore 1984 
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HiM ct 01 190-4 
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OH + CH3 -+ CH30H (1) 
-+ H + CH20H (2) 
-+ H + CH30 (3) 
-+ H20 + 1CH2 (4) 

Thennodynamic Data 
MI;98 (1) = -386 kJ mol- 1 

M~8 (1) = -138 J K-1mol- 1 
MI;98 (2) = 16.1 kJ mo)-l 
Mf98 (2) = -16.7 J K-1mol- 1 

Kp(I) = 1.26'10-5 T-0289 exp( + 46700IT) Kp(2) :=; 1.50,10-4 T0 974 exp( -1570IT) 

MI;98 (3) = 49.6 kJ mo)-l 
M298 (3) = -34.6 J K-1mol- 1 

Mlf98 (4) = -1.8 kJ mo)-l 

Kp(3) = 3.73,10-5 TO.178 exp( - 54701T) 
aSf98 (4) = -0.21 J K-1mol-1 

Kp(4) ;;: 26.7 T-0481 exp( + 46.7 IT) 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

T[K] Reference Comments 

Rate Coefficient Measurements 
k3 = 3.3,10-8 exp( -13800IT) 
9.3,10- 11 

k3 = 1.5.10-9 exp( -7800IT) 

1700-2300 
296 

1850-2500 

Bhaskaran, Frank, and Just (1979)1 
Sworski, Hochanadel, and 

Ogren (1980)2 
Roth and Just (1984)3 

(a) 

(b) 
(c) 

Reviews and Evaluations 
kl + k2 = 9.10- 11 300-2500 Tsang and Hampson (1986)4 (d) 

Comments 

(a) Shock-tube decomposition of C2HJ02 mixtures with 
direct detection of Hand 0 by atomic resonance 
absorption spectrometry. k3 derived from a computer 
simulation of the experimental [H] and [0] profiles. 
It was suggested that channel (3) proceeds via the 
sequence OH + CH3 ~ H + CH30 and CH30 ~ 
CH20 + H, i.e. overall reaction OH + CH3 ~ 
2 H + CH20. 

(b) Flash photolysis of H20 in presence of CH4 and N2 or 
H2. [CH3] monitored by absorption at 216 nm. Rate 
coefficient obtained from a computer simulation of 
[CH3] profiles, based on a mechanism of 11 elemen
tary reactions. 

(c) Similar study to that of Bhaskaran et al. 1 (see com
ment (a» with CHJ02 mixtures. 

(d) The reaction channels (1), (2), and (3) were assumed 
and it was suggested that (2) would be more likely 
than (3) on thermochemical grounds. Hence kl + k2 
is an estimated high-pressure limiting value. RRKM 
calculations were carried out to obtain a pressure de
pendence of kl + k2• Dean and Westmoreland5 have 
recently made theoretical calculations of the ener
gised complex, CH30H*, by unimolecular reaction 
rate theory, in which they consider six possible reac
tion channels. 

Preferred Values 

k 6.10- 11 cm3 molecule- 1 S-1 over range 300-2000 K 

Reliability 
alog k = ± 0.7 over range 300-2000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Pre/erred Values 
The rate coefficients obtained by Bhaskaran et al.1 and 

by Roth and Juse are in excellent agreement at 2000 K, 
i.e. k3 = 3.0,10- 11 cm3 molecule- t S-1 and, within the ex
perimental errors, equal to that of the low temperature 
study of Sworski et al.2, k = 9.3.10- 11 cm3 molecule- t S-I. 

Accordingly, we have selected a temperature indepen
dent overall rate coefficient of k = 6.10- 11 cm3 

molecule- 1 S-I. 

SO far there has been no direct evidence concerning 
the product channels of this reaction. Channel (3) is the 
pathway suggested in the shock tube studies!.3. A recent 
report on the lCH2 + H20 reaction6 has confirmed that 
the major products are CH3 + OH and consequently 
channel (4) needs to be considered here. More experi
mental work is required on this aspect of the reaction to
gether with direct measurements of k and any branching 
ratios as a function of temperature. 
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OH + CH4 -+ H20 + CH3 

571 

Thennodynamic Data 
Mr298 = -60.2 kJ mol-1 

AS02?8 = 13.1 J 1{-lmol-l 
1(" = 20.5 T-O.141 exp( + 70S01T) 

Rate Coefficient Data 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
7.6,10- 15 296 

298-1020 
Sworski et al. (1980)1 (a) 

(b) 
(c) 
(d) 
(d,e) 

1.32.10- 17 Tl.32 exp( -135S/T) 
7.7'10- 15 300 

269-473 
296-473 
300-2000 

Tully and Ravishankara (1980)2 
Husain et al. (1981)3 

5.6'10- 12 exp( -1970IT) 
1.28.10-24 T4.32 exp( -455IT) 
1.5.10- 18 T2.3 exp( - 1370IT) 
1.3.10-12 

Jeong and Kaufman (1981)4 
Jeong and Kaufman (1984)' 
Cohen (1982)6 (f) 

(g) 
(h) 
(i) 
(j) 
(a) 

2.57,10- 17 TUG exp( -1396IT) 
3.7.10-11 exp( -2S5OJT) 
3.0-10-12 

1030 
29&-1512 
340-1250 

Fairchild etal. (1982)7 
Madronich and Felder (1984)8 
Jonah 1'101 (1984)9 

1220 Cohen (1984)10 
(1.25, 2.25, 1.55)'10-12 

(2.1. 1.33, 3.6),10- 12 

(1.7,2.35,3.3)-10- 12 

(2.9,4.4,4.2)'10- 12 

(830, 870, 930) 
(975,1030,1120) 
(1150,1176,1200) 
(1240,1400,1412) 

Smith et al. (1985)11 

Reviews and Evaluations 
2.35,10- 12 exp( -1710IT) 
2.35,10-12 exp( -1710IT) 
3.2.10- 19 T2.4 exp( -106O/T) 
2.65,10- 18 T 2•1 exp( -1240IT) 
2.5,10- 18 T2.13 exp( -1230/T) 
3.2,10- 19 T2.4 exp( -106O/T) 

240-373 
200-300 
240-3000 
300-2200 
230-2000 
240-2000 

Hampson (1980)12 
CODATA (1982)13 

(k) 
(I) 
(m) 
(n) 
(0) 
(p) 

Cohen and Westberg (1983)14 
Warnatz (1984)15 
Baulch elal. (1986)16 
Tsang and Hampson (1986)17 

Comments 

(a) Flash photolysis of N:JCHJH20 mixtures. [CH3] 

monitored by absorption at 216 nm. 
(b) Flash photolysis of Ar/CRJH20 mixtures. [OH] mon

itored by resonance fluorescence. Static system, first
order decay of [OH]. 

(c) Flash photolysis of He/CHJH20 mixtures. [OH] 
monitored by resonance fluorescence. Flow system, 
first-order decay of [OH]. 

(d) Discharge flow system. [OH] monitored by resonance 
fluorescence. Pseudo-first-order conditions with 
[RH] > > [OH]. 

(e) Correction to fitting procedures appJieu, same kinetic 
data as for comment (d). 

(f) Theoretical expression derived from transition state 
theory and calibrated using experiment~l it~ta. 

(g) Pulsed infrared CO2 laser production of OH from 
H202; [OH] monitored by laser induced fluorescence. 

(h) Flash photolysis of Ar/CRJH20 mixtures; [OH] mon
itored by resonance fluorescence; first-order decay of 
[OH]. 

(i) Microwave discharge of He/CRJH20 mixtures. 
Pseudo-first-order kinetics; [OH] monitored by reso
nance absorbance. 

(j) Shock tube measurement, reported in comment on 
resu1ts of Ref. 8. 

(k) Recommended value, based on low temperature 
data. 

(1) Evaluation specifically for atmospheric modelling. 
(m)Evaluation based on experimental data between 240 

and 1600 K; favour the data of Tully and Ravis
hankara's2 in making the recommendation. 

(n) Recommends Tully and Ravishankara's expression 
without comment. 

(0) Based on experimental data considered reliable, 
some weighting of data. 

(p) Accept the recommendation given by Cohen and 
Westberg 14. 

Preferred Values 

k 2.57,10- 17 
TI.83 exp( -1396IT) cm3 molecule- 1 S-1 

over range 240-2500 K 

Reliability 
Alog k = ± 0.07 between 240 and 1200 K rising to ± 

0.15 at 2500 K 

Comments on Pre/erred Values 
The rate cumslanl i:s nuw knuwn with considerable reli

ability and precision between 240 and 1500 K with excel
lent agreement between a large number of techniques. 
The ear1y data of Fenimore and Jones18 has heen re.inter. 
preted using k(OH + CO) given by Baulch etal.19• The 
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preferred value of k is that obtained experimentally by 
Madronich and Feldef which predicts very precisely the 
data obtained between 240 and 2000 K. It is not clear why 
the data of Zellner and Steinert20, and of Jonah, Mulac, 
and Zeglinski9 lie consistently above the preferred values. 
Details of pre-1980 data are given in Ref. 16. 
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Thermodynamic Data 
Mr298 = -435 kJ mol-1 

4S'298 = -21.9 J K-1mol-1 

Kp = 1.29 T-O.425 exp(S2200IT) 

Rate Coefficient Data 

k[ em3 molecule- 1 S-1 ] T[K] Reference Comments 

Rate Coefficient Measurements 
5.(}1O- 11 

1.7'10-10 

1.8'10-10 

1000-1700 
1700-2500 

296 

Browne et al. (1969)1 
Bowman (1970)2 
Temps and Wagner (1984)3 

(a) 
(b) 
(c) 

Reviews and Evaluations 
8.3,10- 11 1000-2500 

300-2500 
Warnatz (1984)4 

=:: 5.(}1O- 11 Tsang and Hampson (1986}S 

Comments 

( a) Modelling study of rich and lean acetylene flames at 
Jow pressures. Species profiles by gas chromatogra
phy, [OH], [CH], and [C2] by absorption measure
ments. 

(b) Oxidation of methane and ethane in Ar behind inci
dent or reflected shock waves; reaction monitored by 
infrared emission of C02, CO, and H20. Numerical 
modelling of 14 (11) reaction mechanism for CH4 
(C2~) reaction. Results only slightly sensitive to vari
ations in k. 

(c) Discharge-flow reactor; [OH] and [CHO] from far in
frared laser magnetic resonance spectroscopy. Total 
pressure = 1.5 mbar He. 

Preferred Values 

k = 1.7-10-10 cm3 molecule-1 S-1 over range 300-2500 K 

Reliability 
dlog k = ± 0.3 over range 300-2500 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Preferred Values 
The rate coefficient for this reaction is expected to 

have only a very small temperature coefficient. This is 
supported by the high values of k measured at 298 K and 
the few existing higher temperature measurements. The 
preferred values are based on all of the exisiting data1

,2,3. 
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OH + HCHO --+ CHO + H2O 

Thennodynamic Data 
AH"298 = - 121 kJ mol-1 

ASl98 = 11.0 J K-1mol- 1 

K" = 42.9 T- 0318 exp ( + 14400IT) 

Rate Coefficient Data 

k [ cm3 molecule- 1 S-1 ] T[K] Reference Comments 

Rate Coefficient Measurements 
3.8'10- 11 1600 Peeters and Mahnen (1973)1 (a) 
1.7.10-11 485 Vandooren and 
2.2.10- 11 570 Van Tiggelen (1977)2 (b) 
1.25·10 -11 exp ( - 90fT) 299-426 Atkinson and Pitts (1978)3 (c) 
1.25.10-11 exp (-84fT) 1600-3000 Dean et al. (1980)4 (d) 
1.0S'1O 11 228-363 Stief el ale (1980)5 (e) 
8.40010- 12 299 Niki el al. (1984)6 (f) 
8.40-10- 12 299 Temps and Wagner (1984)7 (g) 
1.66.10-11 exp (-170fT) 292-597 Zabarnick el al. (1988)8 (h) 

Reviews and Evaluations 
1.0010- 11 200-425 Hampson (1980)9 (i) 
5.0010- 11 exp ( - 600fT) 300-2500 Warnatz (1984)10 (j) 
1.1-10- 11 200-425 CODATA (1984)11 (k) 
1.0010- 11 200-300 NASA (1985)12 (k) 
9.0010- 12 228-426 Atkinson (1986)13 (I) 
5.7'10- 15 Tl.18 exp (+225IT) 298-1600 Tsang and Hampson (1986)14 (m) 

Comments 

( a) CHJ02 flames-mass spectrometric analysis. 
(b) C2H:z/02 flames-mass spectrometric analysis: k based 

on H 20 formation rate. 
(c) Pulsed vacuum UV flash photolysis; OH detected by 

time resolved resonance fluorescence. 
(d) HCHO oxidation studied using shock-tube-infrared 

emission spectroscopy. Computer fitting using 4 vari
able rate constants showed that k values from low 
temperature studies describe well the high tempera
ture results. Not a true determination of k. 

(e) Flash photolysis; resonance fluorescence detection of 
OH. 

(!) FTIR study of products of photo-oxidation of RONO 
(R = CH3 and C2Hs) and 13C labelled formaldehyde; 
k relative to 
k(OH + CzIL) = 8.48"10- 12 cm3 molecule-1 S-I: 

k(OH + HCHO)/k(OH + CZH4) = 0.99. 
(g) Room temperature study using discharge flow; laser 

magnetic resonance detection of OH. 
(h) Laser photolysis-laser induced fluorescence of OH. 

First order kinetics. Transition state theory used to 
extrapolate to combustion temperatures which gives 
k 1.2-10-18 T246 exp (+470/T) cm3 molecule- 1 S-1 

over the range. 
(i) Averages the results of Atkinson and Pitts3 and Stief 

et al.5
• 

0) Uses high temperature data of Peeters and Mahnen1
, 

Vandooren and Van Tiggelen2
, together with the low 

temperature data cited in this data sheet, except that 
of Stief et al.5

• 

(k) Based on results of Atkinson and Pitts3 and Stief 
d~~ -

(I) Based on Atkinson and Pitts3, Stief et al.s, Nikiet ai.6, 

and Temps and Wagner7. 
(m) Uses data from Atkinson and Pitts3

, Stief et ai.s, and 
the high temperature data of Peeters! and Van
dooren2

• 

Preferred Values 

k = 5.7,10- 15 T118 exp (+225/T) cm3 molecule- t S-1 over 
range 300-3000 K 

Reliability 
~log k = ± 0.7 at 3000 K reducing to ± 0.1 at 300 K 

Comments on Preferred Values 
The low and intermediate temperature direct studies 

(200-600 K) are all in good agreement. The high temper
ature values of Dean et al.4 and Peeters and Mahnen l

, 

and the intermediate temperature data of Vandooren 
and Van Tiggelen2 and HoarelS are higher than expected 
by simple Arrhenius extrapolation. However, the earlier 
work is considered less reliable due to the complex sys
tems used and the dependence of the derived k values on 
other rate constants in the models. We consider that the 
available data is best fitted by the expression of Tsang 
and Hampsonl4, which we recommend here. 
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Thennodynamic Data 
M-fi98 (1) = -89.8 kJ mol-1 

4Sl98 (1) = -23.5 J K-1mol 1 
A';, (1) 2.99-10-4 TO.744exp (+ l1100IT) 

k[ cm3 molecule -1 s -1 ] 

Rate Coefficient Measurements 
1.(}-1O- 10 

9.5-10-11 

8.3-10- 12 

< 1.85-10-10 

Comments 

BAULCH ETAL 

OH + eN ~ 0 + HCN (1) 
~ NCO + H (2) 

fllrm (2) = - 96.8 kJ mol- 1 

4.5"m (2) = - 39.4 J K lmol 1 

Kp(2) = 1.14-10-6 T l2gexp ( + 12100IT) 

Rate Coefficient Data (k = k1 + k2) 

T[ K] 

2300-2600 
1950-2380 
1200-2600 
2460-2840 

Reference 

Morley (1976)1 
Haynes (1977)2 
Shaub and Bauer (1978)3 
Szekely, Hanson, and Bowman (1984t 

Preferred Values 

(a) Hydrocarbon/02 flames with additions of CH3CN 
and pyridine_ Product profiles (HCN, NH3, NO) de
termined by quadrupole mass spectrometry_ k calcu
lated from HCN profile. Equilibrium between CN 
and HCN assumed. 

Reliability 
Alog k = ± 0.5 over range 1500-3000 K 

Cnmment.~ nn Prp/erred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

(b) Premixed hydrocarbon/02 flames with additions of 
NH3, NO, or pyridine. Samples removed by water 
cooled silica probe for analysis by infrared spec
trophotometry (NO), absorption in NaOH and deter
mination of eN and NH species using ion-selective 
electrodes. [HJ monitored by LiILiOH technique. 

(c) Single pulse shock tube study of Ar/Ov'hydrocarbon/ 
NO mixtures. Products (CIL, C2H4, C2H2, CO, C02, 
NO, N2, Ar) determined by gas chromatography. 
Yields fitted using large reaction mechanism. Results 
only slightly sensitive to value of k. 

All of the determinations of k involve computer mod
elling of substantial reaction mechanisms. The most di
rect determinations are those of Haynes2 and Morleyl 
which are the basis of our recommended values but with 
substantial error limits reflecting the lack of good quality 
direct measurements. 

(d) Shock tube study of C2Nu'H20/Ar mixtures. [CN] 
monitored by broad band absorption at 388 nm, [OH] 
by laser absorption at 306.67 nm. Profiles fitted to re
action mechanism. Upper limit only to k obtained. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 
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4A. S. Szekely, R. K. Hanson, and C. T. Bowman, Int. J. Chern. Kin. 16, 

1609 (1984). 
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OH + HCN ~ H20 + CN (1) 
~ HOCN + H (2) 
~ HNCO + H (3) 

Thermodynamic Data 
Ml298 (1) :;;: 19.2 kJ mol- 1 

M~8 (1) = 5.91 J K-1mo]-1 
AHi98 (2) ;::: 34.3 kJ mol- 1 

~298 (2) = -22.9 J K-1mo]-1 
Kp(l) = 2.09·1(f T-0 687 exp (-2520/T) Kp(2) = 1.04'10-2 T0 2S4 exp (-4010/T) 

Mr298 (3) :;;: -60.3 kJ mol- 1 

a5"298 (3) = -32.0 J K- 1mo]-1 

Kp(3) = 8.96'10-5 T0 790 exp (+7550/T) 

Rate Coefficient Data (k = k1 + k2 + k3) 

k[ cm3 molecule- 1 5- 1 ] T[ K] Reference Comments 

Rate Coefficient Measurements 
kl = 3.31'10- 11 exp ( -7554/T) 1666-2300 Kanamura and Daito (1977)1 (a) 

(b) 
(c) 

k3 = 3.32'10- 13 1950-2380 Haynes (1977)2 
kJ = 1.60.10- 11 T-l exp (-1860/T) 298-563 Phillips (1979)3 
kl = 1.10- 12 1800-2500 Roth, LOhr, and 

Hermanns (1980)4 
kl = 1.2'10-12 = 2650 Szekely, Hanson, and 

(d) 

(e) 
(t) 

Bowman (1984)5 
k"" = 1.16.10- 13 exp (-400fT) 298-500 Brasseur et al. (1985t,7 
ko = 1.5'10-31 exp (-875fT) 

cm6 molecule - 2 S-1 

kJ = 1.3.10- 11 exp (-4160/T) 518-1027 Jacobs et al. (1988)11 (g) 

Reviews and Evaluations 
1.2'10- 13 exp (-400fT) (p = 1 atm) 296-433 CODATA (1984)12 (h) 

Comments 

(a) Shock tube study, no experimental details. 
(b) Flame study. Hydrocarbon/02 flames with small ad

ditions of NH3, NO, or pyridine. Samples withdrawn 
via watercooled silica probe and analysed for NO (in
frared absorption), HCN and NH species (byabsorp
tion in NaOH solution and use of ion-selective 
electrodes). [II] in post-flame gases determined by 
Li/LiOH technique. 

(c) Discharge-flow study. OH generated by H + N02 re
action. [OH] monitored by resonance fluorescence at 
306 nm. CN produced by channel (1) scavenged by 
added H2. Results suggest pressure dependent k; 
quoted k measured at pressures exceeding 10 Torr. 

(d) Shock tube study of Ar/HCN/N20 mixtures. [H] and 
[0] monitored by resonance absorption at 121.6 nm 
and 130.5 nrn respectively. Results fitted to 8 reaction 
mechanism but fit not very sensitive to assumed value 
of k. 

(e) Shock tube study of H20/C2N:JAr mixtures. [eN] 
monitored by absorption at 288 nm and [OH] by ab
sorption at 306 nm. Data fitted to 6 reaction mecha
nism to yield k- 1• kl calculated using K(I) = 0.97 at 
2650 K gives 2.9,10-12 cm3 molecule-1 S-I. Use of 
more recent thermodynamic data gives values of k 
tabulated. 

(1) Flash photolysis study in flowing system. Decay of 
[OH] monitored by resonance absorption. Pressure 

dependent k found and fitted to Troe expression to 
give quoted ko and kinfty. Relatively long lived adduct 
HCNOH observedIO. 
At temperatures above 500 K there is an increase in 
the activation energy interpreted as due to the onset 
of either channel (1) or (2). 

(g) Derived from measurements of k-l and thermody
namic data. Measurements of kl by laser photolysis 
with time resolved monitoring of [eN1 and [OH1 by 
laser induced fluorescence. Using our thermody
namic data we obtain kl = 2.7,10-9 T- O

•
687 

exp ( - 6770/T) cm3 molecule -1 s -1. 

(h) Review of low temperature data. Accepts value of 
Fritz et al.6

• 

Preferred Values 

kl 1.5.10- 11 exp (-5400IT) cm3 rnolecule- 1 S-1 over 
range 1500--2500 K 

Reliability 
'::\log kl = ± 0.5 over range 1500-2500 K 

Comments on Preferred Values 
At high temperatures (1600-2500 K) the results of 

flamez and shock tube studies4
,5,11 are in reasonable 

agreement despite the fact that an of the techniques are 
indirect and values of k derived from computer fitting of 
substantial reaction mechanisms to the observed quanti 
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ties. At high temperatures it is most likely that channel 
(1) is dominant as discussed by Miller et al.8 and as sug· 
gested by the work of Jacobs et al. ll on the reaction of 
CN + H20 ~ HCN + OH. 

At lower temperatures ( < 500 K) the data of Phillips3.9 

and of Brasseur et aI.6.7 differ significantly. In both of 
these studies the rate constant was reported to be pres· 
sure dependent. No recommendation is made for this 
regime; further studies are required. 

At high temperatures there are reliable datall for k-1; 

our recommendation is derived from this and the thermo· 
dynamic data about which there is some uncertainty and 
hence large error limits must be assigned. 
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2000 

0.5 

OH + HCN ~ H20 + CN 
~ HOCN + H 
~ HNCO + H 

T/K 
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EXPERIMENTAl DATA 

Haynes (k3) 1977 
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Kanamufo and Daite (k1) 1977 
Phillips (kl) 1979 
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Fritz et 01 (kl) 1982 
Szekely et dI (k 1) 1964 
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OH + CH300H --to CH200H + H20 (1) 
--to CH300 + H20 (2) 

Thermodynamic Data 
Alrm (1) = -132.0 kJ mol- 1 Alrm (2) = -85.8 kJ rnoJ- 1 

Rate Coefficient Data (k = k1+ kz) 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.0010-11 

2.93·10-12exp (+ 190fT) 
k2 = 1.78·1O-12exp (+ 220fT) 

300 
203-423 

Niki et al. (1983)1 
Vaghjiani and 

Ravishankara (1989)2 

(a) 

(b) 

Comments 

(a) FrIR spectroscopic study of photolysis of C2HsONOI 
CH300Wair mixtures. k relative to rate constants 
for OH + Cili4 and OH + CH3CHO: 
k(CH300H)fk(C11iJ) = 1.2 ± 0.09; 
k(CH300H)/k(CH3CHO) = 0.68 ± 0.07 at 1 atm 
pressure. Product yields were consistent with branch
ing ratio kl/kl = 0.77 (::t: 20 %). 

(b) Pulsed photolysis - laser induced fluorescence detec
tion of OH. First order decay of OH used to deter
mine k2• Because OH is regenerated rapidly from the 
CH200H product in the first channel, the overall 
rate coefficient was determined from ISOH loss and 
from OH production from the reaction of ISOH or 
00 + CH300H. A thorough investigation of the 
mechanism and error sources is given. 

Preferred Values 

kl = 1.2·10-12exp (+ 130fT) cm3 molecule-Is-lover range 
250-1000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

k2 = 1.8·10-12exp ( + 220fT) cm3 molecule-Is-lover range 
250-1000 K 

Reliability 
410g kl = ± 0.4 at 1000 K reducing to ± 0.2 at 300 K 
410g k2 = :!: 0.3 at 1000 K reducing to ::!: 0.1 at 300 K 

Comments on Preferred Values 
The preferred values are based on the comprehensive 

and thorough study of Vaghjiani and Ravishankara2
• 

Considering the uncertainties in the earlier study of Niki 
et al.1

, the agreement is satisfactory. 

References 
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2 O. L. Vaghjiani and A R. Ravishankara, J. Phys. Chern. 93, 1948 
(1989). 
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OH + C2H2 ~ C2H + H20 (1) 
~ H + CH2CO (2) 

OH + C2H2 (+ M) ~ C2H20H (+ M) (3) 

Thermodynamic Data 
AFi298 (1) = 53.1 kJ mol- 1 

ASZ98 (1) = 11.6 J K-1mol- 1 

AFi298 (2) = - 99.6 kJ mol- 1 

~98 (2) = -28.1 J K- 1mo)-J 
Kp(l) = 817 T- 0 7!!2 exp (-6650fT) K;,(2) = 5.64,10-4 TO S7"Z exp (+ 122401T) 

No thermodynamic data available for channel (3). See text for estimate of Mr(3). 

Rate Coefficient Data (k = k1 + k2) 

k [ cm3 molecule- 1 S-1 ) T[K) Reference Comments 

Rate Coefficient Measurements 
,3-10- 11 1700-2000 Fenimore; and Jonc5 (1964)1 (a) 
1.(}IO- 11 exp (-3500/T) 1000-1700 Browne et al. (1969)2 (b) 
5.3'10- 13 exp (-100fT) 570-850 Vandooren and 

Van Tiggelen (1977)3 (e) 
5.810- 12 cxp ( 4Soo/T) - 2650 Bar Nun Ilnd Dove (1980)4 (d) 

3.(}1O- 11 exp (-3500/T) 2000 Warnatz et al. (1982)5 (e) 
2.7,10- 13 1100 Smith, Fairchild, and 
5.8'10- 13 1300 Crosley (1984)6 (f) 
4.5'10- 11 exp (-5300/T) 1100-1273 Liu, Muiac, and Jonah (1988r (g) 

Reviews and Evaluations 
1.0-10- 11 exp (-3500/T) 1000-2000 Warnatz (1984)8 (h) 
2.4,10- 20 T268 exp (-6060/T) Tsang and Hampson (1986)9 (i) 

comments 

(a) Acetylene/oxygen atmospheric flames, mass spectro
metric sampling of the burned gas. 

(b) Acetylene flame, concentration profiles by absorp
tion and emission spectroscopy. Computer simula
tion. 

(c) Acetylene/oxygen low pressure flame, molecular 
beam/mass spectrometric sampling. Suggest the reac
tion product is ketene. 

(d) Shock tube study with mass spectrometric sampling. 
(e) Burner stabilised laminar Hat C2H:JO:JAr flame. 

Sampling nozzle with mass spectrometric detection. 
Studied the formation of C~fh. 

(f) CO2 pulsed laser photolysis (SF6, H20 2, Nz, C2H2), 

OH detected by laser induced fluorescence. At 900 K 
the reaction shows a pressure dependence, but this is 
lost at 1100 and 1300 K, suggesting that the low tem
perature addition channel no longer operates. 

(g) Pulse radiolysis, resonance absorption spectroscopy. 
The rate constant shows a complex (p ,T) uepen
dence below 1100 K as the addition channel becomes 
important. 

(h) Evaluation, based on the value of Browne et al.2
• 

(i) Calculated BEBO value. 

Preferred Values 

kl 1.0-10-10 exp (-6500/T) cm3 molecule- 1 
S-1 over 

range 1000-2000 K 

Reliability 
~logk = ± 1.0 

Comments on Preferred Values 
In the absence of contrary evidence, an abstraction 

mechanism has been assumed at high temperatures. Even 
exothermic H abstractions have a small activation barrier 
and they show pronounced positive Arrhenius curvature. 
According]y, a large temperature dependence, compat
ible with the data of Smith et al.6 and Fenimore and 
Jonesl and with the endothermicity, has been chosen, to
gether with a large A factor, by comparison with the OH 
+ C2H4 reaction. This dependence is somewhat stronger 
than that obtained by Liu et al.8 because their analysis 
does not make full allowance for the addition channel. 

At temperatures below = 1100 K and at atmospheric 
pressure, the addition channel (3) becomes important' 
and shows a strong pressure dependence1

0-
12

• More re
cent. and more complete measurements have been made 
at 298 K13

,l\ on the basis of which AtkinsonlS proposes 
the pcui:1mders k~ = 4-10- JO cm6 moiecule-2 

S-l, kr = 
8.7,10- 13 cm3 molecule- 1 s-t, and Fe = 0.6 in air at room 
temperature, with a T dependence of the form k3' = 
1.9-10-12 exp (-230/T) em3 molecule- 1 S-I. 

The following parameters give a reasonable represen
tation of the high temperature data for k3 and are also 
compatible with Atkinson's analysis at low temperatures: 

k3' = 2·IO-I:.! exp (-230/T) cm3 molecu]e- l 
S-1 

k~ = 5.10-35 T- 2 cm6 molecule-I. S-1 

Fc = 0.6 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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with 4log k3 = ± 1.0. These parameters should be em
ployed to assess the importance of the addition channel 
at temperatures below = 1100 K. Smith etal.6 estimated 
the dissociation energy, bEo, for the adduct to be = 140 
kJ mol-I. 
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OH + C2H2 ~ C2H + H20 
~ H + CH2CO 
~ C:zH:zOH 
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Thermodynamic Data 
tJr298 = -47.4 k1 mol- 1 

AS'298 = 17.5 J K-lmol-l 
Kp = 526 T-0589 exp( + 54131T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.7-10- 11 

1.8-10- 11 

1.8'10-11 

1250-1400 
813 

1300 

Westenberg and Fristrom (1965)1 
Baldwin, Simmons, and Walker (1966)2 
Bradley el al. (1976)3 

(a) 
(b) 
(e) 
(d) 
(e) 
(t) 
(g) 
(h) 

1.3.10-12 591 Tully (1983)4 
5.7-10- 13 773 

748-1173 
1220 

651-901 

Baldwin et al. (1984)5 
2.4'10- 11 exp( -2104/T) 
2.5·10-l'l 

Liu, Mulac, and Jonah (1987Y' 
Smith (1987Y 

3.4'10- 11 exp( -2992/T) TuHy (1988)8 

Reviews and Evaluations 
5-IU- 1Z 

5.10- 11 exp( -1500/T) 
800-1500 
500-2000 

Wilson (1972)Y 
Warnatz (1984)10 

(i) 
(j) 

Comments 

(a) Flame study of C2HJ02 flames, Hand 0 profiles 
measured by e.s.r. and C2Ji4, CO, and CO2 by mass 
spectrometry. Concentration profile of OH is calcu
lated using k(CO + OH --+ CO2 + H) = 1.2-10-11 

exp( -3870/T) cm3 molecule- 1 S-1 and [C02] and 
hence quoted value of k. 
This is recalculated by Wilson9 giving k = 5.3-10-12 

cm3 molecule-1 S-1 at 1240 K, k = 8.3-10-12 cm3 

molecule- 1 
S-1 at 1368 K, k 2.6-10- 11 cm3 

molecule- 1 
S-1 at 1447 K and k = 1.0-10-10 cm3 

molecule- 1 S-1 at 1491 K. 
(b) Inhibition of Hzl02 reaction by addition of ethene. 

Ratio k/k(H2 + OH) is obtained and use of k(H2 + 
OH) = 1.2-10-14 cm3 molecule- 1 S-1 at 813 K gives 
the quoted value. 
This is recalculated by Wilson9 giving k = 1.0.10-11 

em3 moleeule- 1 
S-1 at 813 K. 

( c) Shock tube study, analysis by UV absorption for 
[OH]; quoted value of k obtained by computer mod
elling of a 28 reaction mechanism (proved to be sen
sitive to this reaction) and optimization. 

(d) Flash photolysis of C2HJHe, N20/He, H20/He gas 
streams using an excimer laser. [OH] monitored by 
resonance fluorescence at T > 500 K. [OH] decay is 
not exponential. 

( e) Addition of C2~ to slowly reacting Hzl02 mixtures. 
Pressure change and product yields (C:JLO, HCHO, 
CJi4, C2H4, CO, CH3CHO) in early stages of reaction 
measured. k sensitive to CO and HCHO yields. Diffi
cult to distinguish between abstraction and OH + 
C2l-L --+ C2~OH + O2 --+ 2 HCHO + OH. 

(f) Pulse radiolysis of H20/C2H4 mixtures in 1 atm Ar. 
[OH] monitored by resonance absorption. In temper-

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

ature range 343-563 K addition of OH to C2Ji4 is 
dominant; 563-748 K addition, adduct decomposi
tion, and abstraction occur concurrently; above 748 K 
abstraction is dominant. 

(g) Infrared laser pyrolysis of flowing mixtures of H2021 
CFJSFJC2Ji4. [OH] monitored by laser induced fluo
rescence. Temperatures determined from population 
of OH rotational states. 

(h) Laser photolysis of N20/H20/C2HJHe mixtures at 
193 nm or H 20/C:zHJAr mixtures. [OH] monitored 
by laser induced fluorescence. Rate constant inde
pendent of nature or pressure of diluent gas. 

(i) Review of results up to 1974, recalculation where 
necessary, separate incompatible values for k at high 
and at low temperatures recommended. 

G) Review of Refs. up to 1980. Expression for k at high 
temperatures which is compatible with low tempera
ture results recommended. 

Preferred Values 

k 3.4-10- 11 exp( - 29901T) cm3 molecule-1 
S-1 over 

range 650-1500 K 

Reliability 
Alog k = ± 0.5 over range 650-1500 K 

Comments on Preferred Values 
The experimental studies on this reaction show that 

the abstraction channel predominates over addition at 
temperatures above approximately 650 K. The measured 
values of k are in poor agreement at such temperatures. 
The most recent study of TullyB gives values much lower 
than those found in most other studies but compatible 
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with the work of Smith 7 and the most recent work of 
Baldwin et al.s. We accept Tully's expression as the one 
preferred. 
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T/K 
2000 1000 500 400 300 

EXPERIMENTAl DATA 
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OH + C2H6 ~ H20 + C2HS 

Thermodynamic Data 
Mi298 = -79.7 kJ mol- 1 

AS'298 = 27.8 J K-1mol- 1 

Kp - J.JO·l(}~ T- 0692 cxp( + 9J401T) 

Rate Coefficient Measurements 
2.32'10- 13 

7.13-10- 14 

(see Ref. 1) 
1.43-10- 14 T 105 exp( - 911fT) 
3.9·lU-Zl T'0gexp( + 169/1') 
1.8,10- 11 exp( -1240 IT) 
2.68'10- 13 

2.2'10- 13 

1.~-lU-13 

2.51'10-13 

2.98'10- 13 

8.51-10- 18 T206 exp( -430IT) 
2.07,10- 11 exp( -1299IT) 
2.74'10- 13 

8.4'10 -12 exp( - 1050 IT) 

Reviews and Evaluations 
1.29'10- 17 T20 exp( -430fT) 
3.6-10- 17 Tl Q C]I;p( - 570/T) 
1.05-10-17 T20 exp( -325fT) 
1.47'10-14 T I04 exp( -913fT) 
2.3·10- 11 exp( -1340IT) 
1.37'10-17 T20 exp( -444IT) 

Comments 

Rate Coefficient Data 
(for details of pre-1980 data, see Ref. 1) 

Temperature [K] 

295 
238 

403-683 
297-800 
24~72 

24(}"295 
295 
295 
248 
297 
295 

293-705 
205-364 

296 

234-438 

300-2000 
300-2000 
300-2000 
297-800 
25(}"1200 
24(}"900 

Reference 

Lee and Tang (1982)2 
Margitan and Watson (1982}3 
Baulch et a/. (1983)4 
Tully et al. (1983)5 
Kautman et af. (1984t 
Molina et a/. (1984)' 
Baulch et al. (1985)8 
Schmidt et al. (1985)9 
Molma et al. (1~8()10 

Nielsen et al. (1986)11 
Tully et al. (1986)12 
Anderson and Stephens (1986)13 
Bourmada, Lafage. and 

Devolder (1987)14 
Wallington, Neuman, and 

Kurylu (1987)15 

Cohen (1982)16 
Cohcn and WC:'itbcrg (1983)17 
Warnatz (1984)18 
Tsang and Hampson (1986)19 
Baulch eral. (1986)1 
Atkinson (1986)2<1 

(m) Recommended without comment. 
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Comments 

(a) 
(b) 
(c) 
(d) 
(a) 
(e) 
(f) 
(g) 
(h) 

(i) 
(k),(j) 
(a) 

(a) 

(d) 

(k) 
(I) 
(m) 
(n) 
(0) 
(p) 

(a) Fast flow discharge, [OH] monitored by resonance 
fluorescence. 

(n) Recommend expression given by Tully et al. (1983f. 
( 0) Recommend Arrhenius expression between 250 and 

(b) Flash photolysis of IIN03/C2II6IIIe mixtures; (OIl] 
monitored by resonance fluorescence. 

( c) Static photolysis of H20fCO/Cili6 mixtures; competi
tive studies with GLC measurement of CO2• 

(d) Flash photolysis of HzO/CzHJ Ar mixtures in static 
vesseL [CZH6] > > [OH] with [OH] monitored by 
resonance fluorescence. 

(e) .Flash photolysis of HN03/C2HJHe mixtures; [OH] 
monitored by resonance fluorescence. 

(f) Discharge flow, OR generated from R + NOz with 
[OR] monitored by resonance fluorescence. 

(g) Laser photolysis of H20 2 or HN03; [OH] monitored 
by pulsed dye laser fluorescence. 

(h) Laser flash photolysis of HN03iC2HJinert gas mix
tures; [OH] monitored by resonance fluorescence. 

(i) Pulse radiolysis of H20/C2HJAr mixtures; [OH] 
monitored by adsorption at about 309 nm. 

(j) Flow laser photolysis; [OH] monitored by laser in
duced fluorescence. 

(k) Calculated values based on transition state theory. 
(1) Wide temperature evaluation of experimental data. 

1200 K, based on comprehensive assessment of ex
perimental data. 

(p) Critical review of data between 240 and 900 K. 

Preferred Values 

k = 1.20'10-17 TZO exp( -435fT) cm3 molecule-1 S-1 over 
range 250-2000 K 

Reliability 
~logk ± 0.07 between 250 K and 1000 K rising to 

± 0.15 at 2000 K 

Comments on Preferred Values 
The rate constant is now known with considerable reli

ability and precision between 250 and 2000 K, with excel
lent agreement between a large number of techniques. 
The early data of Fenimore and JonesZ1 have been re-in
terpreted using k(UH + CU) given by Baulch et at.?'/.. 

The preferred value of k is almost indistinguishable 
from the value obtained by Cohen16 from transition state 
calculations carried out for temperatures between 300 
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and 2000 K. This agreement between theory and experi
ment may be coincidental, but suggests that extrapola
tions to at least 3000 K may be carried out reasonably 
reliably with Alog k = ± 0.3 at 3000 K. 

References 

ID. L Baulch, M. Bowers, D. G. Malcolm, and R. T. Tuckerman, J. 
Phys. Chem. Ref. Data 15, 465 (1986). 

2J. H. Lee and I. N. Tang, J. Chem. Phys. 77, 4459 (1982). 
3J. J. Margitan and R. T. Watson, J. Phys. Chem. 86, 3819 (1982). 
4D. L Baulch, R. J. B. Craven, M. Din, D. D. Drysdale, S. Grant, D. J. 

Richardson, A. Walker, and G. Watling, I. Chem. Soc., Faraday 
Trans. 1, 79, 689 (1983). 

SF. P. Tully, A. R. Ravishankara, and K. Carr, Int. J. Chem. Kin. 15, 
1111 (1983). 

6K. M. Jeong, K. J. Hsu, 1. B. Jefiric5, and F. Kaufman, J. Phys. Chem. 
88, 1222 (1984). 

7C. A. Smith, L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chern. 
Kin. 16, 41 (1984). 

8D. L. Baulch, I. M. Campbell, and S. M. Saundcrs, J. Chcm. Soc., Fara
day Trans. 1, 81, 259 (1985). 

fly. Schmidt, G. Y. Zhu, K. H. Becker, and E. H. Fink, Ber. Bunsenges. 
Phys. Chem. 89, 321 (1985). 

lOR. A. Stachnik, L. T. Molina, and M. J. Molina, 1. Phys. Chem. 90, 
2777 (1986). 

J. Phys. Cham. Rat. Data, Vol. 21, No.3, 1992 

110. J. Nielsen, J. Munk, P. Pagsberg. and A. Sillesen, Chem. Phys. Lett. 
128, 168 (1986). 

12F. P. Tully, A. T. Droege, M. L Koszykowski, and C. F. Melius, J. 
Phys. Chern. 90, 691 (1986). 

13L G. Anderson and R. D. Stephens, private communication. 
14N. Bourmada, C. Lafage, and P. Devolder, Chem. Phys. Lett. 136,209 

(1987). 
1ST. J. Wallington, D. M. Neuman, and M. J. Kurylo, Int. J. Chem. Kin. 

19, 725 (1987). 
16N. Cohen, Int. J. Chem. Kin. 14, 1339 (1982). 
17N. Cohen and K. R. Westberg, J. Phys. Chem. Ref. Data 12,531 

(1982). 
181. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, 197, 

Springer-Verlag, New York (1984). 
1~. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
2OR. Atkinson, Chern. Rev. 86, 69 (1986)., 
21C. P. Fenimore and G. W. Jones, 9th Symp. (Int.) Combust.. 597 

(1963). 
22D. L. Baulch, D. D. Drysdale, J. Duxbury, and S. Grant, Evaluated 

Kinetic Data for High Temperature Data, Vol. 3, 203, Butterworths, 
London (1976). 

23R. R. Baldwin and R. W. Walker, J. Chem. Soc., Faraday Trans. 1,75, 
140 (1979). 

24N. R. Greiner. J. Chem. Phys. 53, 1070 (1970). 
25S. Gordon and W. A. Mulac, Int. J. Chern. Kin. Symp. 1,289 (1975). 
26B. Smate and J. Peeters, Proc. 2nd European Combustion Symposium, 

38 (1975). 



-9.5 

10 0 -

-105 -

.....-. .... 
('/) -11.0 .... 

I 
Q) 

.....-1 

~ 
() 
Q) 

.....-1 

0 

S 
C':l -11.5 -
S 
() 

"-
..!4 
'-

tl.O 
0 
~ 

-12.0 -

-12.5 -

o 

EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 591 

2000 1000 

T 
T 

T .. 

0-

05 1.0 

OH + C2He -+ H20 + C2Hs 

T/K 
500 400 

0 • 6 
A 
0 

• [J 
4 
e 
+ 
X 

0 

~ 
V 
T 

.6 

~ 

A 
A 

• A 

I) 

'" '. 

300 

EXPERIMENTAl DATA 

Lee and Tang 1982 
Tully 1963 
Marg.ton and Watson 1982 
Boulch et 01 198:S 
Tully et 01 196:5 
veong et 01 1984 
5mith et 01 1984 
Baulch et 01 198~ 
Schmidt et 01 1985 
Stachnik et 01 1986 
Nielsen et 01 1 986 
Tully et 01 1986 
Mdcroon ond Steven::. 19S5 

8ourmoda et 01 1987 
Wallington e\ 01 1987 
r enlmore and Jones ·1963 

Thl.. Recornrnendol.on 1980 

+ 
~ 

1.5 2.0 2.5 30 35 4.0 4.5 

103T-1/K- 1 

J. Phya. Chern. Ref. Data, Vol. 21, No.3, 1992 



592 B~ULCH ETAL 

OH + CH2CO -+ CH20H + CO (1) 
-+ H2CO + CHO (2) 

Thermodynamic Data 
Mli98 (1) = -115 kJ mol- 1 

dS~8 (1) = 18.5 JK-1mol- 1 

~(1) = 210 T- 048 exp( + 13700/T) 

Mi298 (2) = -59.5 kJ mol-1 

~98 (2) = 17.7 J K- 1mol- 1 

~(2) = 969 T- O
•
78 exp( +7070/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.65'10- 11 

> 1.7.10- 12 

1.8'10- 11 

480-1000 
295 
299 

Vandooren and Van Tiggelen (1977)1 
Faubel, Wagner, and Witack (1977)2 
Hatakeyama et al. (1985)3 

(a) 
(b) 
(c) 

Reviews and EvaluatiorlS 
1.7'10- 11 300-1000 Warnatz (1984)4 

Comments 

(a) Study of C2H:J02 flames. Analysis for CO2, CO, C2H2, 
H2• H20. Ar. H. O. and OR by molecular beam sam
pling mass spectrometry. 

(b) Flow reactor, OH radicals produced by the reaction 
H + N02 ~ OH + NO. Product analysis by mass 
spectrometry; C2H, H2CO, and CH30H found in 
products. Quoted lower limit for k obtained by com
parison with the rate constant for the reaction 
C302 + OH ~ HC20 + CO2 (k(C302 + OH) = 
1.2.10-11 exp( - 620/T) cm3 molecule- 1 S-I) also mea
sured in this study. 

( c) OH generated by photolysis of CH30NO in air at 1 
atm. Analysis for CH2CO by long path Fourier-trans
form infrared spectroscopy at 2164 cm- 1

• Ratio k/ 
k(OH + C-CJi12) = 2.3 obtained. k(OH + C-CJI12) 
= 7.95.10- 12 cm3 molecule- 1 

S-1 useds to obtain k. 
Main product obselVed was HCHO. 

Preferred Values 

k = 1.7.10-11 cm3 molecule- 1 S-1 over range 300-2000 K 

Reliability 
dlog k = ± 1.0 over range 300-2000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Preferred Values 
The measured values of k at 10w3 and only slightly 

higherl temperatures differ by a factor of 10. The high 
value of k and comparison with the rate constants for 0 
and H attack on CH2CO both suggest a small activation 
energy « 6 kJ mol-I) for the reaction. We follow War
natz in recommending a temperature independent value 
of k and large error limits. 

The detection of HCHO as a product2,3 suggests that 
channel (2) plays a significant role but there is no other 
information about the branching ratios. 

References 

IJ. Vandooren and P. J. Van Tiggelen, 16th Symp. (Int.) Combust., 1133 
(1977). 

2C. Faubel, H. Gg. Wagner, and W. Hack, Ber. Bunsenges. Phys. Chern. 
81, 689 (1977). 

3S. Hatakeyama, S. Honda, N. Washida, and H. Akimoto, Bull. Chern. 
Soc. Japan 58, 2157 (1985). 

4J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer
Verlag New York (1984). 

SR. Atkinson, K. R. Darnell, A. C. Lloyd, A. M. Winer, and J. N. Pitts, 
Adv. Photochemistry 11, 375 (1979). 
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OH + CH3CHO -+ H20 + CH3CO (1) 
-+ H20 + CH2CHO (2) 

Thermodynamic Data 
AH'i.98 (1) = -138 kJ mol- 1 

~298 (1) = 8,0 J K-1mol-1 
AH'i.98 (2) = - 90,4 kJ mol- 1 

a5398 (2) ;:: 9.1 J K-1mol- 1 

~(1) 136 T- OSS7 exp (+ 16400fT) ~(2) ;:: 60 r'398 exp (+ 10650/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
6.87-10- 12 exp (+260/T) 
5.52'10- 12 exp (+307fT) 
7.1.10- 12 exp (+ 165fT) 

299-426 
244-528 
253-424 

Atkinson and Pitts (1978)1 
Michael, Keil, and Klemm (1985)2 
Semmes et 01. (1985)3 

(a) 
(b) 
(c) 

Reviews alld Eva/utltiOl~ 
6.9-10- 12 exp (+260fT) 
1.67'10- 11 

6.87'10-12 exp (+256fT) 

298-450 
300-2000 
200-500 

CODATA (1984)4 
Warnatz (1984)5 
Atkinson (1986)6 

(d) 
(e) 
(f) 

Comments 

(a) Pulsed VUV flash photolysis of H20; resonance fluo
rescence detection of OH. 

(b) Discharge flow; resonance fluorescence detection of 
OH; CH3CO shown to be most probable product up 
to 530K. 

(c) Flash photolysis of H20; resonance fluorescence de
tection of OH; some difficulty encountered in defin
ing CH3CHO concentration. 

(d) Based on Ref. 1 and earlier room temperature data 
of Morris et al.7

, Cox et al.s, Niki et al.9
, and Kerr and 

SheppardlO. 
(e) Recommendation based on mean of room tempera

ture values and assumed independence of k on tem
perature over wide range. 

(f) Based on Ref. 1. Data from Semmes et al. were not 
included because of reported difficulties in defining 
CH3CHO concentration. 

Preferred Values 

k 3.89-10-14 TO.T.! exp (+560IT) cm3 molecule- 1 S-1 

over range 250-1200 K 

Reliability 
Alog k = ± 0.3 at 1000 K reducing to ± 0.1 at 250 K 

References 

lR. Atkinson and J. N. Pitts Jr" J. Chern. Phys. 68, 3581 (1978). 
20. V. Michael, D. G. Keil, and R. B. Klemm, J. Chern. Phys. 83,1630 
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3D. H. Semmes, A. R. Ravishankara, C. A. Gump-Perkins, and P. H. 

Wine, Int. 1. Chem. Kin. 17, 303 (1985). 
4CODATA evaluation, Supplement II, J. Phys. Chem. Ref. Data 13, 

1259 (1984). 
51. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
6R. Atkinson, Chem. Rev. 86, 69 (1986). 
7E. D. Morris, D. H. Stedman, and H. Niki, J. Am. Chem. Soc. 93, 3570 

(1971). 
SR. A Cox, R. G. Derwent, P. M. Holt, and J. A Kerr, J. Chem. Soc. 

Faraday Trans. 1, 72, 2061 (1978). 
9H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, 1. Phys. 

Chem. 82, 132 (1978). 
lOJ. A Kerr and D. W. Sheppard, Environ. Sci. Technol.15, 960 (1981). 
1lL. I. Avramenko and R. V. Lorentso, Dok!. Akad. Nauk 69, 205 

(1949). 
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OH + C2HsOOH ~ H20 + C2HsOO (1) 

Thermodynamic Data 
m98 (1) = -131 kJ mol- 1 

Comment 

~ H20 + C2H400H (2) 

m'J8 (2) = - 91.2 kJ mol- 1 

There are no experimental data for the reaction of OH 
with C2H sOOH. The overall rate expression k = 3.0-10-12 

exp( + 190fT) cm3 molecule- 1 
S-1 with channels (1) and 

(2) occurring at equal rates, is recommended by analogy 
with the reaction of OH with CH300H. Temperature 
range 250-1000 K with dlog k = ± 0.3 at 250 K and ± 
0.7 at 1000 K. 

OH + CsHs ~ H20 + CsHs (1) 
~ C6HsOH + H (2) 

OH + CsHs (+ M) ~ CsHsOH (+ M) (3) 

Thermodynamic Data 
4ffi98 (1) = -35.3 kJ mol- 1 

AS'"298 (1) = 24.2 J K-1mol- 1 

Kp(l) = 8.1-1()3 T-086 exp( + 3880fT) 

Rate Coefficient Measurements 
k3 = 5.D-I0- 12exp( -453fT) 
kl = 4.D-1O- 11 exp( - 2013fT) 
kl = 1.7·1O-11exp( -3019fT) 
3.1'10- 12 exp( - 270fT) 
kl 2.4·10- 11exp( - 2260/T) 
8.8'10- 13 

k3 = 6.3'10- 12 exp( -500fT) 
1.5.10- 12 

3.5,10-11 exp( -23oofT) 
1.3'10- 12 

k3 = 2.3·10- 12exp( -190fT) 
2.5,10- 11 exp( - 2050fT) 
1.3.10-12 

2.0-10- 12 

kz = 2.2'10- 11 exp( -5330fT) 

Comments 

Mli98 (2) - 0.3 kJ mol- 1 

~S298 (2) -23.5 J K-1mol- 1 

Kp(2) = 4.7'10-5 Till exp( + 260fT) 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] 

296-325 
380-473 

1200-1900 
250-298 
450-1000 

295 
244-330 

298 
790-1410 

294 
239-354 
790-1410 

296 
298 

1000-1150 

Reference 

Perry, Atkinson and Pitts (1977)1 

Fujii and Asaba (1977)2 
Tully et al. (1981)3 

Wahner and Zetzsch (1983)4 
Lorenz and Zellner (1983)5 
Ohta and Ohyama (1985)6 
Felder and Madronich (1985f 

Witte, Urbanik, and Zetzsch (1986)8 
Madronich and Felder (1986)9 
Edney et al. (1986)10 
Atkinson (1987)11 
He et al. (1988)12 

Comments 

(a) 

(b) 
(c) 

(d) 
(e) 
(f) 
(g) 

(h) 
0) 
(j) 
(k) 
(1) 

(d) VUV flash photolysis of water; detection of OH by 
resonance fluorescence at 309 om. 

(a) Flash photolysis-resonance fluorescence of OH at 
total pressures between 20 and 200 Torr. 

(e) Laser photolysis-resonance fluorescence technique. 
(1) Relative rate constant for the overall reaction. OH 

radicals were produced by photolyzing HZ02. Analy
sis of organic compounds was by GC. Reaction paths 
are discussed. Empirical relationships between struc
ture and reactivity of aromatics towards OH radicals 
are derived. 

(b) Rate expression for the addition channel was deter
mined by a semi-empirical method. The pyrolysis and 
oxidation of benzene were studied by various meth
ods using the shock tube technique. Experimental 
data on the formation of biphenyl and CO were mod
elled by computer simulation. 

(c) Observed total rate coefficient is derived from the 
FP-RF technique for 20 < p < 200 Torr. Discussion 
of the reaction mechanism is presented. A rate ex
pression for the abstraction reaction (1) has been 
evaluated. 

(g) The high temperature photochemistry technique 
(HTPC) was applied. OH radicals were produced by 
standard flash photolysis. Time dependent resonance 
fluorescence detection of OH at 309 nm. 

(h) Flash photolysis production of OH radicals. Monitor
ing of OH by resonance fluorescence at 309 nm. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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(i) Same method as in (g). • 
(j) ObselVed total rate coefficient based on a procedure 

of "relative rate". OH radicals were produced by ir
radiation of methylnitrite. Decay rates of benzene 
and of the test compound were monitored by GC. 

(k) Rate coefficient for OH consumption was calculated 
from structure-activity relationship (SAR) at atmo
spheric pressure. 

(I) Results are from study of Hand OH attack on phe
nol under single pulse shock tube conditions. The 
rate cofficient k2 was calculated from the equilibrium 
constant and from the measured rate of the reverse 
of reaction (2). 

Preferred Values 

kl = 2.7-10- 16 T1.42 exp( -732fT) cm3 molecule- 1 S-1 

over range 400-1495 K 
k2 2.2-10- 11exp( -5530/T) cm3 molecule-1 S-1 over 

range 10{)0-1150 K 
k3 = 3.So10-12exp( -341fT) cm3 molecule-1 

S-1 over 
range 240-340 K 

Reliability 
~log kl = ± 0.3 over range 400-1500 K 
~log k2 = ± 0.3 over range 1000-1150 K 
~log k3 = ± 0.2 over range 240-340 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Preferred Values 
The present studies indicate that the dominant reac

tion pathway at and below room temperature is the addi
tion of the OH radical (channel (3». Abstraction of ring 
hydrogen seems to be dominant at temperatures above 
500 K (channel (1». The displacement reaction (2) is not 
expected to be an elementary process but to proceed via 
the hydrocyc1ohexadienyl channel (3) at elevated temper
atures. 

References 

lR. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Phys. Chem. 81, 296 
(1977). 
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3F. P. Tully, A. R. Ravishankara, R. L. Thompson, J. M. Nicovich, R. 

C. Shah, N. M. Kreutter, and P. H. Wine, J. PhYli. Chern. 85, 2262 
(1981). 

4A. Wahner and C. Zetzsch, J. Phys. Chem. 87, 4945 (1983). 
51(. Lorenz and R. Zellner, Ber. Bunsenges. Phys. Chem. 87, 629 (1983). 
IT. Ohta and T. Ohyarnn, Bull. Chern. Soc. Jpn. 58, 3029 (1985). 
7W. Felder and S. Madronich, J. Phys. Chem. 89, 3556 (1985). 
SF. Witte, E. Urbanik, and C. Zetzsch, J. Phys. Chern. 90, 3251 (1986). 
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18, 1355 (1986). 
llR. Atkinson, Int. J. Chem. Kin. 19, 799 (1987). 
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OH + CeHsOH (+ M) -+ CeHs(OH)2(+ M) (1) 

Thennodynamic Data 
t:JIigg (2) - -136.7 kJ mul- t 

~Il (2) = -1.9 JK-1mo)-1 
1(,,(2) = 1.6'101 T- 0471eXJ1( + 16364/T) 

k[ cm3molecule -IS -1] 

Rate Coefficient Measurements 
kl = 2.8,10-11 

k2 = UHO- ll 

OH + CeHsOH -+ C6HsO + H20 (2) 

T[K] 

296 
1000-1150 

-+ C6H40H + H20 (3) 

Reference 

Rinke and Zetzscb (1984)1 
He et al. (1988)2 

Comments 

(a) 
(b) 

Comments k2 + k3 = 1.0-10-llcm3 molecule-Is-lover range 1000-
1150K 

(a) Direct measurement using flash photolysis with reso
nance fluorescence for OH. p = 5-733 mbar He. 
Low inital OH concentrations. Very good linearity of 
the decays. 

Reliability 
410g kl = ± 0.09 at 296 K 
alog (k1 + k3 ) = ± 0.5 

Comments on Pre/erred Values 

(b) This is an extension of the phenol + H study of these 
authors (see data sheet: phenol + H). By using CO 
as an OH quencher, H atoms are formed and more 
benzene is produced. This process is in competition 
with phenol + OH. Thus rate data for phenol + OH 
may be deduced. However, very large amounts (= 
30%) of CO are needed. The kinetic system is not 
simple and a further uncertainty is introduced from 
the Ref. reaction CO + OH. 

kl is the vnlue reported by Rinke nnd ZetzsChl. 

Preferred Values 

For the abstraction channels (2) and (3) no informa
tion on the branching ratios exists. He, Mallard, and 
Tsang interpreted their results only in terms of channel 
(2). 

References 

1M. Rinke and C. Zetzsch, Ber. Bunsenges. Phys. Chem. 88, 55 (1984). 
kl = 2.B·10- Hem3 molecule-ts-tat 296 K and 733 mbar 2y. Z. He, W. G. Mallard, and W. Tsang, J. Phys. Chem. 92, 2196, 

He (1988). 

OH + CtiH5CH3 ~ H20+CtiH5CH2 (+ M) (1) 

OH + CeHsCH3 (+ M) -+ C6HsCH30H (+ M) (2) 

Thennodynamic Data 
M:l'i98 (1) = -130.8 kJ mol- 1 

4S~8 (1) = 1.4 J K- 1mol- 1 

1(,,(1) 3.2,10- 1 T023 exp( + 157301T) 

k[cm3 molecule- 1 S-l] 

Rate Coefficient Measurements 
kl = 5.0010-12 exp( -453IT) 
k2 = 3.2-10-13 exp( + 8051T) 
kl = 1.7-10-11 exp( -1510IT) 
kl := 2.1-10- 11 exp( -1300IT) 
k2 = 3.8,10-12 exp( + 1801T) 
k2 = 6.4-10-12 

k" 5.4-10- 12 

k2 = 6.2-10- 12 

4.8-10- 12 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference 

380-473 Perry, Atkinson, and Pitts (1977)1 
296-325 

1700-2800 Mclain et al. (1979)2 
500-1000 Tully et at. (1981)3 
213-298 

298 Ohta and Ohyama (1985)4 
298 Edney ct a/. (1986)5 

298 Atkinson (1987)6 
773 Baldwin et al. (1987)' 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments 

(a) 

(b) 
(c) 

(d) 
(e) 
(f) 
(g) 
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Comments 

(a) Flash photolysis-resonance fluorescence technique 
at total pressures around 10 Torr. Addition channel 
(2) i~ the dominant reaction pathway for tempera
tures below 325 K. The H abstraction reaction (chan
nel (1» was found to be the dominant reaction 
pathway for temperatures above 380 K. 

(b) Incident shock wave investigation of the oxidation 
mechanism of CJfJOzlAr and CHsCH:J OzlAr mix
tures by monitoring UV and IR emission of CO, COz, 
and the product [O}[CO] . Arrhenius expression for 
the products CJIsCHz + HzO (channel (1» was esti
mated by comparison with data for benzene. 

(c) Flash photolysis-resonance fluorescence technique. 
OR reactions with benzene, toluene, and selectively 
deuterated toluenes were studied in the temperature 
range 213 to 1150 K. The results indicate that the ad
dition channel (2) is the dominant reactIOn pathway 
below 300 K and that side-chain hydrogen abstrac
tion channels such as pathway (1) are the dominant 
reaction routes at higher temperatures. The rate ex
pression for the side-chain hydrogen abstraction 
(channel (1» has been estimated. 

(d) Hexane was used as Ref. compound. Photolysis of 
HzOz was the source of OR. Rate coefficient for OH 
consumption (channel (2» was evaluated at atmo
spheric pressure. 

(e) Rate con~tant value for reaction (2) l.lelivcu by u~illg 
a relative rate data procedure. Photolysis of methyl 
nitrite was the source of OH. 

(f) Flash photolysis-resonance fluorescence. Measure
ment of rate coefficient for the addition reaction (2). 
An estimation of the rate coefficient for the addition 
reaction (2) by applying a structure activity relation
ship gave 5.5-10- 12 cm3 molecule- 1 

S-1 at 298 K. 
(g) Small amounts of toluene (0.05-0.5%) were added to 

slowly reaction mixtures of Hz + O2 at 773 K. Under 
the experimental eonditions the hydrogen/oA-ygcn 
system provides a reproducible source of radicals like 
H, 0, and OH. The measurement of the relative con
sumption of additive and molecular hydrogen per-

kl 

kz 

mits the evaluation of the rate constants for the 
reaction of H, 0, and OR with toluene. 

Preferred Values 

8.6-10- 1Sexp( -440fT) cm3 molecule- 1 S-1 over 
range 400-1200 K 

= 3.8·10-12exp( + 180fT) em3 molecule- t S-1 over 
range 213-298 K 

Reliability 
.6.log kl = ± 0.5 at 400 K reducing to ±0.3 at 1200 K 
.6.10g kz = ± 0.4 over the range 213-298 K 

Comments on Preferred Values 
The present studies indicate that the dominant reac

tion pathway at and below room temperature is the addi
tion ot the UH radical (channel (2». Side·chain hydrogen 
abstraction reaction seems to be the reaction at higher 
temperatures (channel (1». The present data are reli
able, but owing to the pressure dependence of the reac
tion (2) only a rate expression can be recommended for 
temperatures below 300 K. For channel (1) the more in
direct data of Ref. 2 have been not considered for the 
evaluation of the rate constant. The recommendation for 
channel (1) covers only an intermediate temperature 
range of about 800 degrees. 
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C. Shah, N. M. Kreutter, and P. H. Wine, J. Phys. Chern. 85, 2262 
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4T. Ohta and T. Ohyarna, Bull. Chern. Soc. Jpn. 58, 3029 (1985). 
5E. O. Edney. T. E. Kleindienst, and E. W. Corse, Tnt J Ch .. m. Kin. 18, 

1355 (1986). . 
6R. Atkinson, Int. J. Chern. Kin. 19, 799 (1987). 
7R. R. Baldwin, M. Scott, and R. W. Walker, 22nd Symp. (Int.) Com

bust., 991 (1987). 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 601 

OH + P -CeH4(CH3)2 -+ P ·CeH4CH2CH3 + H20 (1) 
OH + P -CeH4(CH3)2 (+ M) -+ P -CeH4(CH3)20H (+ M) (2) 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference Comments 

Rafe COPfjicipnt Mpl1,furementf 

k2 = 1.2.10-11 

k2 = 1.2'10-11 

k2 = 1.5'10-11 

298 
298 
298 

Doyle et al. (1975)1 
Hansen et al. (1975)2 
Perry el al. (1977)3 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
0) 
G) 
(k) 
(I) 
(m) 

k2 = 6.3·1O- 12exp( + 300fT) 
kl = 6.3·1O- 11exp( -12OOfT) 
k2 8.8'10- 12 

296-325 
380-473 

298 
298 
298 

Ravishankara el al. (1978)4 
k2 1.0-10- 11 

kl = 1.1.10-11 

k2 1.4.10- 11 298-320 
500-960 

298 
296 
298 

Nicovich et al. (1981)5 
kl 6.4·1O- 11exp( -1440fT) 
k2 = 1.4-10-11 

k2 = 1.4'10- 11 

k2 = 1.5.10- 11 

Ohta and Ohyama (1985)6 
Edney et af. (1986)1 
Atkinson (1987)8 

Comments 

(a) Experimentally measured relative rate coefficient. 
p = 1 bar. 

(b) to ( e) Flash photolysis-resonance technique. OR 
radical concentrations monitored as a function of 
time. p = 133 mbar. 

(f) Flash photolysis-resonance technique. p = 4 mbar 
Ar. 

(g) Flash photolysis-resonance technique. p = 27 mbar 
He. 

(h) Flash photolysis-resonance technique. p = 270 mbar 
He. 

(i) Flash photolysis-resonance technique. 
0) Same method as in comment (i). 
(k) Experimentally measured relative rate coefficient. 

p = 1 bar. Reference compound was hexane. H202 
was the source of OR. 

(1) Experimentally measured relative rate coefficient. 
p = 1 bar. Reference compound was cyclohexane. 
Methylnitrite was the source of OH. 

(m) The source of the given experimental value is not 
cited. p = 1 bar. 

Preferred Values 

kl = 6.4·10-uexp( -1440/T) cm3 molecule- 1 S-1 over 
range 500-960 K 

k2 = 1.4,10-11 cm3 molecule- 1 
S-1 over range 298-320 K 

Reliability 
.11og kl = ± 0.1 
.1log k2 ± 0.1 

Comments on Preferred Values 
The preferred value for kl is based on the data of 

Nicovich et al.5
, The recommended k2 is close to 'the high 

pressure limit. 

References 

10. J. Doyle, A. C. Lloyd, K. R. Darnall, A. M. Winer, and J. N. Pitts, 
Jr., Environ. Sci. Techno!. 9, 237 (1975). 
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3R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Phys. Chern. 81, 296 
(1977). 

4A. R. Ravishankara, S. Wagner, S. Fischer, G. Smith, R. Schiff, R. T. 
Watson, O. Tesi, and D. D. Davis, Int. J. Chern. Kin. 10, 783 (1978). 

5J. M. Nicovich, R. L. Thompson, and A. R. Ravishankara, J. Phys. 
Chern. 85, 2913 (1981). 

6]'. Ohta and T. Ohyama, Bull. Chern. Soc. Jpn. 58, 3029 (1985). 
7E. O. Edney, T. E. Kleindienst, and E. W. Corse, Int. J. Chern. Kin.1S, 

1355 (1986). 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

OH + C6HsC2Hs ~ C6HsC2H4 + H20 (1) 
~ C6H4C2Hs + H20 (2) 

OH + C6HsC2Hs (+ M) ~ C6HsOHC2Hs (+ M) (3) 

Thermodynamic Data 
Mrm (1) == -157.4 kJ mol- 1 

4S"298 (1) = 0.9 J K-1mol- 1 

~(1) = 3.4 T-o 
143 exp( + 18850IT) 

Rate Coefficient Measurements 
8.0010- 12 

7.5-10- 12 

7.1.10-12 

8.0010- 12 

6.8-10-12 

Comments 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] 

305 
298 
298 
298 
298 

Reference 

Uoyd et al. (1976)1 
Ravishankara et al. (1978)2 

Ohta and Ohyama (1985)3 

Comments on Preferred Values 

603 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

(a) Relative rates of disappearence of ethylbenzene in 
air. p = 1 bar. Analysis by GC. 

The preferred value for k corresponds to the addition 
channel and is the average value of the cited data. 

(b) Flash photolysis-resonance fluorescence technique at 
pressure 4 mbar He. 

( c) Same as comment (b); pressure 27 mbar He. 
(d) Same as comment (b); pressure 270 mbar He. 
( e) Photolysis at atmospheric pressure. Analysis by GC. 

Preferred Values 

k = 7.5,10- 12 cm3 molecule-1 S-1 at 298 K andp ~ 1 bar 

Reliability 
alogk = ± 0.1 
alog kl = ± 0.1 

References 

lA. C. Lloyd, K. R. Darnall, A. M. Winer, and J. N. Pitts, Jr., J. Phys. 
Chem. 80, 789 (1976). 

2A. R. Ravishankara, S. Wagner, S. Fischer, G. Smith, R. Schiff, R. T. 
Wilt:son, O. TC:5i, .md D. D. Davb, Int. J. ChcJlI. Kin. 10, 78.3 (1978). 

~. Ohta and T. Ohyama, Bun. Chem. Soc. Jpn. 58, 3029 (1985). 

H20 (+ M) ~ H + OH (+ M) 

Thermodynamic Data 
Ml";."'!l 499 kJ mol- 1 

M~98 = 109 J K- 1mol- 1 

~ = 2.78-102 Tt2 exp( -59800/T) atm 

Rate Coefficient Measurements 

Reviews and Evaluations 
5.8.10- 9 exp( -52920/T) 
Z.Z·10-0 exp( -'Z9Z0/T) 
3.7,10-8 exp( -52920/T) 
5.8,10-9 exp( -52900IT) 

T[K] 

2000-6000 
Z()()()...(iOOO 
2000-6000 
2000-6000 

Ratc Coefficient Data 

M Reference Comments 

Baulch et al. (1972)1 

Tsang and Hampson (1986)2 
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Preferred Values 

k 5.8.10-9 exp( -52920/T) cm3 molecule-1 S-1 over 
range 2000-6000 K for M = N2 

Reliability 
Alog k = ± 0.5 for M = N2 

Comments on Prefe"ed Values 
The value preferred by Baulch et al.1 is r~commended 

because no new eXperimental data are available. 

Thennodynamic Data 
AJf'298 = - 157 kJ mol- 1 

~298 -20.1 J K-1mol- 1 

Kp = 8.1,10-3 TO.363 exp( + 19000IT) 

References 

ID. L. Baulch, D. D. Drysdale, D. G. Horne, and A. C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the Hr02 System", London, 
ButteJWorths (1972). 

2W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1987 
(1986). 

Rate Coefficient Data 

Rate Coefficient Measurements 
(1.5-3.0)'10- 12 

1.14'10-13 exp( + 1057/T) 
3.8'10- 14 exp( + 1250IT) 
4.1'10- 13 exp( + 630/T) 
2.3'10- 13 exp( + 6OOIT) 

+ 8.4,10-34 exp( + 11ooIT) [Ar] 
2.2'10- 13 exp( + 6201T) 

+ 1.9-10-33 exp( + 9801T) [N2] 
(3.34 , I.S , 0.97)-10- 12 

(9.2,9.7 , 9.2)'10- 13 

1.14-10-12 

Reviews and Evaluations 
3.3,10-12 

2.3'10- 12 

6.8'10- 14 exp( + 1155IT) 
3.3'10-12 

3.0-10-12 

5.0-10- 12 exp( -698/T) 
2.1'10- 10 exp( -5050/T) 

+ US'IO- 13exp( +tsts511") 
5.7,10- 12 exp( -2405/T) 

+ 1.8.10-13 exp( + 885/T) 

Comments 

T[K] 

1000-1250 
276-400 
273-339 
298-510 
230-420 

298,418,577 
623 , 677 , 723 

777 

300 
300 

300-400 
300-1200 
300-1200 
570-770 
300-1200 

Reference 

Troe (1969)1 
Lii el al. (1979)2 
Cox and Burrows (1979)3 
Patrick and Pilling (1982)4 
Kircher and Sander (1984)5 

Lightfoot el al. (1988)6 

Baulch et 01. (1972)7 
Baulch et al. (1980)8 
Kaufman and SheJWell (1983)9 
Warnatz (1984)10 
Tsang and Hampson (1986)11 
Baldwin et 01. (1986)12 
Lightfoot et al. (1988t 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

(f) 

(g) 
(b) 
(i) 
(j) 
(k) 
(1) 
(m) 

(n) 

sorption at 230 nm. k found to be independent of 
pressure above 25 Torr. 

(a) Thermal decomposition of HzOz behind reflected 
shock waves in Ar carrier at total pressures between 
0.6 and 12 atmospheres. Fitted k using complex 
mechanism. Value of k sensitive to k(OH + H202 ~ 
HzO + HOz) and consequently value of k may be 
slightly too high. 

(d) Flash photolysis of anhydrous Clz/CH30H/Oz mix .. 
tures in Nz; total pressure of 700 Torr. [HOz] mea
sured by UV absorption at 227.5 nm. 

(e) Flash photolysis of Ch/CH30H/02 mixtures. [H02] 
measured by UV absorption at 227.5 nm. Total pres
sure between 100 to 700 Torr with Ar and Nz. Au
thors observed both a zero-pressure bimolecular 
component and a termolecular component linearly 
dependent on pressure up to 700 Torr. Rate con
stants also determined when up to 10 Torr of H20 
added. 

(b) Pulse radiolysis of mixtures containing 1200 Torr of 
Hz and 5 Torr of O2, to produce H atoms rapidly con
verted to H02• Decay of [H02] monitored by kinetic 
spectroscopy at 230 nm. 

( c) Molecular modulation photolysis of Ch in the pres
ence of excess Hz and O2, or at lower pressures in the 
presence of HCHO and O2• Total pressure varied be
tween 3 and 760 Torr. [H02] measured by UV ab-

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

(f) Flash photolysis of Ch/CH30H/excess air mixtures at 
atmospheric pressure. [H02] measured by UV ab
sorption between 200 and 227.5 nm. Allow for varia-
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tion of extinction coefficient with temperature. No 
systematic dependence of k on experimental condi
tions other than temperature was observed, but pres
sure was not varied. Suggest a minimum value of k at 
about 700 K. 

(g) Based on very limited data at room temperature. 
(h) Recommend for atmospheric pressure only. 
(i) Based on the results of Cox and Burrows3 and of Lii 

et al.2• Values recommended refer to atmospheric 
pressure in the absence of H20 and NH3• 

(j) Recommended without comment. 
(k) Recommended as best value for a wide temperature 

range. 
(1) A direct bimolecular abstraction reaction assumed at 

temperatures above 600 K. Troe'sl value of k com
bined with a thermochemically-calculated A factor to 
give the activation energy quoted. 

(m) Authors fitted a double Arrhenius expression to 
Troe'sl single value of k at about 1150 K and their 
values at 760 Torr obtained between 298 and 777 K. 

(n) An alternative fit to the above data based on the A 
factor recommended by Baldwin et al.12

; Troe's value 
is effectively ignored. 

Preferred Values 

k = 3.1-10-12 exp( -775/T)cm3 molecule- 1 S-1 between 
550 and 1250 K 

Reliability 
Alog k = ± 0.15 between 550 and 800 K, rising to ± 

0.3 at 1250 K 

Comments on Preferred Values 
The reaction is very important in combustion chemistry 

over the range 600-1200 K. Fortunately, a single, reliable 
recommendation may be made over this range. The graph 
shows data obtained above room temperature at pres
sures near to atmospheric (see comments). Troe'sl single 
value of k was obtained from a study betweeen 0.6 and 12 
atmospheres, and the Lii et al.2 data were obtained at 
1200 mmHg. Also shown is a theoretical estimate of k by 
Patrick, Golden, and Barker13 over a wide range of tem
peratures for 700 mmHg of N2• Below about 500 K, the 
rate constant varies with pressure and is particularly sen-

sitive to the presence of polar gases such as H20 and 
NH3. The existence of a negative temperature coefficient 
below 500 K is clearly established. Recommendation for 
the value of k below 500 K have been made by the IU
PAC group14. Studies by Kircher and Sande.-s, Lii et al.2, 

Lightfoot, Veyret, and Lesclaux6 all suggest that k be
comes independent of pressure above about 500 K, and 
this is supported by the theoretical study!3. Above 500 K, 
the recommendation is based on (i) Troe's shock-tube 
data point, which is sensitive to k(OH + H20 2) required 
in a complex interpretation, (ii) the slight evidence ob
tained by Lightfoot, Veyret, and Lesclaut' for a minimum 
value for k at about 700 K, (iii) the theoretical study13 

which predicts a minimum at about 1000 K and then a 
steady increase in k up to 3000 K. Full details of the low
temperature data are given in the CODATA compila
tion14. 

To give a complete picture of the state of the data all 
of experimental results are included on the graph irre
spective of whether the data are referenced in the text. 

References 

11. Troe, Ber. Bunsenges. Phys. Chern. 73946 (1969). 
LR. R. Lii, R. A. Gorse, M. C. Sauer, and S. Gordon, J. Phys. Chern. 
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T. Watson, J. Phys. Chern. Ref. Data 9, 2952 (1980). 

9M. Kaufman and J. Sherwell, Prog. Reactions Kinetics 12, 1 (191:'3). 
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Springer-Verlag, New York (1984). 
llW. Tsang and R. F. Hampson, 1. Phys. Chern. Ref. Data IS, 1087 

(1986). 
12R. R. Baldwin, C. E. Dean, M. R. Honeyman, and R. W. Walker, J. 
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H02 + NH2 ~ O2 + NH3 (1) 
~ HNO + H20 (2) 

Thermodynamic Data 
Mli98 (1) -247 kJ mol- 1 

AS298 (1) -25.9 J K-1mol-1 
Mrm (2) ... -343kJ mol- 1 

4S'm (2) = -14.3 J K-lmol-l 
~(1) = 1.73.10-2 T'.lOlexp( + 29800/T) Kp (2) ... 0.472 T -0 138 exp( + 41200/T) 

Rate Coefficient Data (k = k1 + k2) 

k[em3 molecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
2.5,10-11 298 Cheskis and Sarkisov (1979)1 (a) 
2.7,10- 11 349 Pagsberg, Eriksen, and Christensen (1979)2 (b) 

Reviews and Evaluations 
3.4,10- 11 298 CODATA (1984)3 (e) 

Lesclaux (1984t (d) 

Comments 

(a) Flash photolysis of NHJ!02 mixtures. [NH2J decay 
monitored by intracavity laser absorption spec
troscopy at 598 nm. Reported value is based on ratio 
k/k(NH2 + NH2) = 1.1 at 570 Torr N2 andk(NH2 + 
NH2) = 2.5-10-11 cm3 molecule- 1 S-1 6. Measure-
ments at 100 Torr N2 give same value of k. 

(b) Pulse radiolysis of NH3/02 mixtures. [NH2] decay 
monitored by absorption spectrometry at 598 nm. 
Absence of any effect of 02 on the [NH2] decay inter
preted to imply that k = k(H + NH2). Value re
ported is value of k (H + NHz) determined in same 
study. 

(c) Evaluation of room temperature data. 
(d) Comprehensive review; no recommendation. 

Preferred Values 

k 2.6'10- 11 \,;m~ lllul~cub~-l S-l uver range 30Q-400 K 

Reliability 
Alog k = ± 0.4 over the range 300-400 K 

Comments on Preferred Values 
There are no recent studies of this reaction; all previ

ous Refs. have been reviewed3
•
4

• There are two published 
studies1

•
2 both giving rate constant ratios using different 

Ref. reactions but leading to values of k in excellent 
agreement. The recommended value is based on these. 
There is also some unpublished work of Kurasawa and 
Lesclaur suggesting a value of k a factor of2 higher. The 
recommended error limits encompass this value. 

There are no measurements ot" branching ratios. Les
claux, mainly on the basis of unpublished work, concludes 
that the most likely path is channel (2) but (1) probably 
occurs also. 

References 

IS. G. Chcskis and O. M. Sarkisov, Chern. Phys. Lett. 62, 72 (1979). 
2p. B. Pagsberg, J. Eriksen, and H. C. Christensen, J. Phys. Chem. 83, 

582 (1979). 
3CODATA Task Group on Chemical Kinetics, D. L. Baulch, R. A. Cox, 

R. F. Hampson, J. A. Ken, J. Tr(X;, i:lm.l R. T. Wi:llsUU, J. Phys. Chern. 
Ref. Data 11, 385 (1982). 

4R. Lesclaux, Rev. Chern. Intermed. S, 347 (1984). 
sH. Kurasawa and R. Lesclaux, results presented at 14th Informal Con

ference on Photochemistry, Newport Beach, CA, March 1980. 
6P. V. Khe, J. C. Soulignac, and R. Lesclaux, J. Phys. Chem. 81, 210 

(1977). 
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Thennodynamic Data 
Mrm (1) = -101 kJ mol-1 

M"m (1) = -11.0 J K-1mol- 1 

~(1) = 9.33·1O-2T1.OOexp( + 12300/T) 

Rate Coefficient Measurements 
kl :c 3'10-11 

Reviews and Evaluations 
kl = 3.3'10-11 

k2 = 6.0.10-12 

Comments 

BAULCH ET AL. 

H02 + CH, ~ OH + CH,O (1) 

T[K] 

1030-1115 

300-2500 
300-2500 

~ O2+ CH4 (2) 

Mrm (2) -231 kJ mol- 1 

M"m (2) = -31.9 J K-lmol-l 
~(2) 2.S3·1O-2T-l.D5exp( + 27900/T) 

Rate Coefficient Data 

Reference 

Colket, Naegeli, and Glassman (1977)1 

Tsang and Hampson (1986)2 

Reliability 
alog kl = ± 1.0 over range 600-1200 K 

Cnmment.f nn Preferred Value.f 

Comments 

(a) 

(b) 

(a) Study of the oxidation of CH3CHO in a turbulent 
flow reactor at atmospheric pressure with end
product analysis by GC. Reaction (1) was proposed 
to account for the oxidation of CH3 and a value of k 
was selected to obtain rate coefficients for other re
actions in the mechanism consistent with literature 
data. 

We have recommended the value of kl determined in
directly by Colket et al.1 but with wide error limits to indi
cate the large uncertainty. Direct measurements of the 
rate coefficient and its temperature dependence are 
needed. 

(b) kl taken from study of Colket et al.1 and k2 estimated 
from k2 = k-J(2. It should be noted that the value of 
k-2 is very uncertain in this calculation. 

Preferred Values 

kl = 3·10-H em3 molecule-Is-lover range 600-1200 K 

Thennodynamic Data 
~98 .. 74.0 kJ mol- 1 

M"298 11.9 J K-1mol- 1 

Kp = 0.321 TO.468 exp( -8950/T) 

References 

1M. B. Colket, D. W. Naegeli, and I. Glassman, 16th Symp. (Int.) Com
bust., 1023 (1977). 

lW. Tsang and R. F. Hampson. J. Phys. Chem. Ref. Data 15,1087 
(1986). 

Rate Coefficient Data 

Rate Coefficient Measurements 
4.2,10- 19 

Reviews and Evaluations 
3.0.10- 13 exp( -9350/T) 
1.5-10- 11 exp( -12440 IT) 

Comments 

Temperature [K] 

716 

no range quoted 
625-1275 

Reference 

Baldwin, Jones and Walker (1988)1 

Tsang and Hampson (1986)2 
Baldwin, Jones, and Walker (1988)1 

Comments 

(a) 

(b) 
(c) 

exp( -775fT) cm3 molecule- 1 S-1 for H02 + H02 ~ 
H202 + 02 (see present recommended value). 

(a) Decomposition of tetramethylbutane in presence of 
O2 as source of H02 with GLC analysis for products. 
Competitive study giving k/kJ l12; kl 3.1'10- 12 

(b) Estimate based on relation given by Walke~ for HOl 

attack on alkane. 

J. Phya. ~"em. Ref. Data, Vol. 21, No.3, 1992 
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(c) Assumed A factor (per C - H bond) in Arrhenius ex
pression is the same for H02 + CH. and H02 + 
cza, activation energy calculated from single tem
perature point. 

Preferred Values 

k 1.5.10-11 exp{ -12440IT) cm3 molecule- 1 
S-1 over 

range 600-1000 K 

Reliability 
.<llog k = ± 0.1 at 700 K rising to ± 0.2 at 600 K and 

± 0.3 at 1000 K 

Comments on Preferred Values 
The value at 716 K is the only experimental determina-

Thennodynamic Data 
AJIfl'JK - 12.9 kJ mol-1 

~91l = 9.8 J K-lmol-l 
K.p = 0.673 TO 292 exp( + 9840IT) 

tion of k. The value of k/ktl!2 is reliable and any error in 
kl is reduced by 50% in ca1culating k. The preferred value 
of k is based on the single determination and thermo
chemical considerations involving the reliable values of 
the rate constant for HOz + Cz~. The constants in the 
preferred value of k are reasonable for the reaction but 
if k is of the form A Til exp(E /RT) with n likely to be be
tween 2 and 3, then extrapolation will lead to low values 
of k above 1000 K. 

References 

lR. R. Baldwin, P. N. Jones, and R. W. Walker, J. Chem. Soc., Faraday 
Trans. 2, 84, 199 (1988). 

2W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 
(1986). 

3R. W. Walker, in "Gas Kinetics and Energy Transfer", Specialist Peri~ 
odical Report. Chemical Society. London. Vol. 2, 296 (1977). 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
klk(H02 + CO) = 340 
klk(H02 + CO) 280 
klk0 5 (H02 + H02) 9.2-10- 10 

1.9'10- 11 exp( -5230IT) 

798 
798 
773 

773-973 

Blundell et al. (1965)1 
Hoare et al. (1967)2 
Baldwin et al. (1972)3 
Vardanyan e/ al. (1971)4 

(a) 
(b) 
(c) 
(d) 

Reviews and Evaluations 
1.7-10- 12 exp( -4030/T) 
3.3.10-12 exp( -5870/T) 
3.3·1O-12cxp( -5870IT) 

Lloyd (1974)5 
Walker (1975)6 

(e) 
(f) 
(g) Tsang and Hampson (1986)' 

Comments 

(a) Study of the combustion of CH4 in HF washed vessel. 
Attack of H02 on intermediate HCHO and CO com
pared by measuring 02, ClL, CO, CO2, HCHO, and 
H20 2• 

~ k = 2.8.10- 14 em3 moleeule- 1 S-1 if Tsang and 
Hampson's k (HOz + CO) is used. 

(b) Same as (a) with boric acid coated vessel. 
~ k = 2.3-10-14 em3 molecule-1 S-1 if Tsang and 
Hampson's k(H02 + CO) is used. 

(c) Measurement of the effect of HCHO in reducing the 
induction times of HzlO:JNz mixtures. 

> k ... 1.6-10-15 cm3 molcculc- 1 8- 1 if Tsang and 
Hampson's k (HOz + H02) is used. 

(d) ESR detection of H02 during oxidation of HCHO. 
H202 and HCHO trapped to measure H202 accumu
lation and HCHO decay. k calculated assuming H20 2 

concentrations governed only by the HO:z/HCHO re
action, i.e. H02 + H02 ~ H202 and HZ02 + M ~ 

2 OH are assumed to have a negligible effect on mea
sured H202. 

( e) Arrhenius factor A estimated. Combination with re
ported values leads to temperature dependence. Ab
solute values from relative rate studies are different 
however from above because of different Ref. rate 
constants. 

(t) Based on the result of Baldwin et al. Assumed A 
leads to temperature dependence. A factor assump
tion based on a value of 1.7.10-12 cm3 molecule- t S-1 

per C-H bond. 
(g) Recommend Walker's expression. 

Preferred Values 

k 5.0'10- 12 exp( -6580/T) cm3 molecule- 1 
S-l over 

range 600-1000 K 

Reliability 
.<llog k = ± 0.5 over range 600-1000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 



610 BAULCH ET AL. 

Comments on Prefe"ed Values 
The preferred value is based on the determination of 

Baldwin et al.3 at 773 K together with an assumed A fac
tor of 5.0'10-12 em3 molecule -I s -1. The only temperature 
dependence study gives a value for k at 773 K which is a 
factor of 20 higher and is considered unreliable. 

References 

lR. V. Blundell, W. G. A Cook, D. E. Hoare, and G. C. Milne, 10th 
Symp. (Int.) Combust.,445 (1%5). 

J. Phys. Cham. Ref. Data, Vol. 21, No.3, 1992 

ZO. E. Hoare and O. C. Milne, Trans. Farad. Soc. 63, 101 (1967). 
lR. R. Baldwin, A R. Fuller, D. Longthom, and R. W. Walker, J. 

Chem. Soc., Faraday Trans. 1,68, 1362 (1972). 
41. A Vardanyan, G. A. Sachyan, and A. B. NaJbandyan, Comb. Flame 

17, 315 (1971). 
SA. C. Lloyd, Int. I. Chem. Kin. 6, 169 (1974). 
6R. W. Walker, in "Reaction Kinetics", ed. P. G. Ashmore, (Specialist 

Periodical Reports), The Chemical Society, London, Vol. 1, 161 
(1975). 

7W. Tsang and R. F. Hampson, I. Phys. Chem. Ref. Data 15, 1087 
(1986). 
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612 BAULCH ET AL. 

H02 + C2H4 --+ C2H40 + OH 

Rate Coefficient Data 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
1.6-10-17 773 

773 
673-773 
653-773 

Walker (1973)1 (a) 
(b) 
(c) 
(d) 

4.8,10- 17 

1.05'10-11 exp( -9590IT) 
3.7,10- 12 exp( -8650IT) 

Baldwin and Walker (1981)2 
Baldwin eI al. (1984)3 
Baldwin et al. (1986t 

Reviews and Evaluations 
No reliable reviews 

Comments 

(a) Thermal oxidation of HCHO used as source of H02. 
Measurement of relative yields of CO and oxirane 
gave k/k(H02 + HCHO) = 0.016 at 773 K. Uses of 
k(H02 + HCHO) = 9.g-10- 16 cm3 molecule- 1 S-1 

(based on k(H02 + H02) = 3.1-10- 12 exp( -775fT) 
cm3 molecule -1 s -1 6) gives the absolute value of k. 

(b) Addition of C2IL to slowly reacting mixtures of H2 + 
O2, and measurement of yield of oxirane. Computer 
interpretation to determine [H02]. 

( c) Decomposition of tetramethylbutane in presence of 
O2 in KCI-coated vessels as source of H02 radicals, 
with GLC analysis of products. Competitive studies 
give k/k 1 0.5. 

kl = 3.1'10-12 exp( -775/T) cm3 molecule-1 
S-1 for 

reaction H02 + HOz ~ HzOz + O2. Later4 shown 
that values of k are slightly too high above 723 K. 

(d) Similar study to that referred to in comment ( c), but 
aged-boric-acid-coated vessels used. Lack of surface 
effects makes results more reliable. 

Preferred Values 

k 3.7-10- 12 exp( -8650/T) cm3 molecule-1 8- 1 over 
range 600-900 K 

Reliability 
alog k = ± 0.15 between 600 and 750 K, rising to 

± 0.25 at 900 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Pre/erred Values 
No absolute determinations of k have been made, and 

all are based on measurements of oxirane. The values of 
k/k1o.tt, in the Baldwin, Dean, and Walker study4 are reli
able, and any error in kl is reduced by 50% in calculating 
k. The preferred values for k form part of a consistent set 
of data for HO:! addition to a number of alkenes7

• On the 
basis of this it has been argued that the rate parameters 
do refer to the addition steps HOz + CzR4 ~ 
CH;rCHzOOH3

,7. This reaction is unlikely to be impor
tant in combustion chemistry above 900 K. 

The recommended values are preferred to those of a 
previous studyl which was carried out in KCI-coated ves
sels as it is possible that [H02] may be affected by a small 
amount of radical generation at the surface above 720 K. 

References 

lR. W. Walker, 14th Symp. (Int.) Combust., 265 (1973). 
2R. R. Baldwin and R. W. Walker, 18th Symp. (Int.) Combust., 819 

(1981). 
3R. R. Baldwin, D. E. Hopkins, D. G. Malcolm, and R. W. Walker, 

Oxid. Conim. 6, 231 (1984). 
4R. R. Baldwin, C. E. Dean, and R. W. Walker, J. Chem. Soc., Faraday 

Tram;. I, 8l, 1445 (1986). 
5R. R. Baldwin, A. R. Fuller, D. Longthorn, and R. W. Walker, J. 

Chem. Soc., Faraday Trans. I, 68, 1362 (1972). 
6See recommendation for k(HOz+ H02 - HzOz + O2). 

7S. K. Gulati, S. Mather, and R. W. Walker, J. Chern. Soc., Faraday 

Trans. II, 83, 2171 (1987). 
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614 BAULCH ET AL. 

Thermodynamic Data 
Mr298 = 54.5 kJ mol-1 

45"298 = 26.5 J K -lmol-1 
Kp = 51.8 T-O.082 exp( -6650/T) 

Rate Coefficient Data 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
9.5'10- 18 734 

773 
673-773 

Hoare and Patel (1969)1 (a) 

(b) 
2.(}1O- 16 

2.22,10- 11 exp( -10335 IT) Baldwin et al. (1986)2 

Reviews and Evaluations 
1.7.10- 12 exp( -7050/T) 
4.9-10- 13 exp( -7520/T) 
1.(}lO- 11 exp( -9770IT) 

300-800 
300-1000 

Lloyd (1974)3 
Walker (1977)4 
Warnatz (1984)5 

(c) 
(d) 
(e) 

Comments 

(a) Oxidation of CHJC2H6 mixtures. Oht~ined 

kfk(H02 + CO) = 3.8 ± 0.7 and 0.4 at 773 K and 
734 K, respectively. Authors consider values unreli
able. Values of k obtained from k(H02 + CO) = 
2.5'10- 10 exp( -11870fT) cm3 molecule- 1 

S-1 given by 
Baulch et al.6

• 

(b) Decomposition of tetramethylbutane in presence of 
02 as source of H02 radicals, with GLC analysis of 
products. Competitive studies giving k/kll12; 
k. = 3.1,10- 12 exp( -775fT) cm3 molecule- 1 

S-1 for 
H02 + H02 ~ H20 2 + O2 (see present recom
mended value). 

( c) An upper limit for k, based on early H2 + O2 addi
tion studies by Baldwin et al.3

• 

(d) Estimate based on rate constant for H02 attack on 
i -butane and 2,3-dimethylbutane. 

( e) Recommended without comment, but based on an 
estimate by Baldwin and Walker'. 

Preferred Values 

k = 2.22'10- 11 exp( -10335/T) cm3 molecule- 1 
S-1 over 

range 500-1000 K 

Thermodynamic Data 
Mifbs = - 3.85 kJ mol- 1 

4S~8 = 6.78 J K-1 mol- 1 

Kp = 2.13 TO.OS24 exp( + 3851T) 

Reliability 
~log k = ± 0.1 between 670 K and 770 K rising to ± 

0.2 ~t 500 K ~nd ± 0.3 ~t 1000 K 

Comments on Preferred Values 
The only reliable experimental results are those of 

Baldwin et al. The values of k/k. l12 are reliable and any 
error in kl is reduced by 50% in calculating k. The con
stants in the preferred expression are reasonable, but if k 
is of the formA Tn exp(E /RT) with n likely to be between 
2 and 3, then extrapolation will lead to low values of k 
above 1000 K. 

References 

10. E. Hoare and M. Patel, Trans. Faraday Soc. 65, 1325 (1969). 
2R. R. Baldwin, C. E. Dean, M. R. Honeyman, and R. W. Walker, J. 

Chern. Soc., Faraday Trans. 1, 82, 89 (1986). 
3A. C. Lloyd, Int. J. Chern. Kin. 6, 169 (1974). 
4R. W. Walker, in "Gas Kinetics and Energy Transfer", Specialist Peri

odical Review, Chemical Sudety, Lumlun, Vul 2, 297 (1977). 
5J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
6D. L. Baulch, D. D. Drysdale, J. Duxbury, and S. Grant, Evaluated Ki

m:lk Data CUI High T~lllpc;}atulC:; Rca~tiuJl~, Vol. 3, 263, Buttee

worths, London (1976). 
7R. R. Baldwin, J. P. Bennett, and R. W. Walker, 16th Symp. (Int.) 

Combust., 1041 (1977). 

Rate Coefficient Data 

Rate Coefficient Measurements 
2.8,10 -12 exp( - 53501T) 

T[K] 

1030-1115 

J. Phys< Cham. Ref. Data, Vol. 21, No.3, 1992 

Reference Comments 

Colket e/ al. (1975)1 (a) 
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Comments 

(a) High temperature oxidation of CH3CHO (1030-
1115 K). Turbulent flow - stable species determined 
by GC. The time dependence of [CaCHO]. [H1]. 

[CO], [Cll4], [C2 ~], [C02], [Cz H4], and [HCHO] re
sults modelled by a 25 reaction chemical scheme. 
Rate constants were derived for 4 reactions. 

k 

Preferred Values 

5.0-10- 12 exp( -6000/T) cm3 molecule- l 5- 1 over 
range 900-1200 K 

Reliability 
Alog k = ± 0.7 over range 900-1200 K 

Comments on Pre/erred Values 
The experimental value of Colket et aI.is compatible 

with the current knowledge of H02 abstraction reactions 
although the determination was very indirect. The pre
ferred expres~ion is based on a value of 1.7.10- 14 cm3 

molecule -1 s -1 at 1050 K from this study and an assumed 
A factor of 5.0,10 -12 cm3 molecule -1 s -1 • 

References 

1M. B. Colket, D. W. Naegeli, and I. Glassman, 16th Symp. (lnt.) Com
bust., 1023 (1976). 

HzOz (+ M) ~ OH + OH (+ M) 

Thermodynamic Data 
AFJ'5.98 = 214 kJ mol- 1 

~98 = 134 J K-1mol- 1 

1(" = 4.42.107 T-0091 exp( -26000IT) atm 

Rate Coefficient Data 

k[S-l] T[K] [M] [molecule cm-3
] Reference Comments 

Rate Coefficient Measurements 

Low Pressure Range 
[Ar13'<HO-8 exp( - 21600/T) 45~1450 (0.5-5)-1019 Kijewski and Troe (1972)1 (a) 

Intermediate Fall-off Range 
2.0-1012 exp( - 21600/T) 1100-1300 1.2-1020 (Ar) Meyer etal. (1969)2 (b) 

Reviews and Evaluations 
ko = [Nz] 2.()'1O-7 exp( - 22900IT) 700-1500 
ko = [N2] 3.6,10- 15 T- 486 exp( -26795IT) 500-1500 
ko = [Ar] 10-75 exp( -21640IT) 1000--1400 
k", = 1014.47 exp( -24374IT) 1000-1500 
F .. (Ar) = 0.5 500-1500 

Comments 

(a) Shock wave experiments of H20 2 decomposition 
monitoring UV absorption from HZ0 2 and HOl • Mi
nor correction of earlier results from Refs. 2 and 6 
taking into account water content of the shock
heated H20:JAr mixtures. 

(b) As comment (a). 
(c) Comprehensive review of static reactor, flow system, 

and shock wave results including Refs. 2 and 6. 
(d) Based on Ref. 3, RRKM calculations of the forward 

and reverse reaction are given. 
( e) Theoretical evaluation of low pressure, high pres

sure, and fall-off data for dissociation and recombi
nation in comparison to energy-resolved dissociation 
lifetime measurements after laser excitation. 

Baulch ct al. (1972)3 (c) 
Tsang and Hampson (1986)4 (d) 
Brouwer et al. (1987)5 (e) 

Preferred Values 

ko = [Ar] 3.0.10-8 exp( - 21600/T) S-1 over range 1000-
1500 K 

ko = lN2J 2.0'10-7 exp( - 229001T) S-1 over range 700-
1500 K 

k", = 3.0-1014 exp( -24400IT) S-1 over range 1000-
1500K 

Fe = 0.5 for M = Ar over range 700-1500 K 

Reliability 
Alog ko = ± 0.2 over range 700-1500 K 
Alog k.. = ± 0.5 over range 700-1500 K 
APe = ± 0.1 over range 700-1500 K 

Comments on Preferred Values 
The preferred values represent the experimental results 
in satisfactory comparison with theoretical modelling. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 



616 BAULCH ET AL. 

The high pressure data are from a single experiment only 
and, therefore, require independent confirmation. How· 
ever, they are consistent with non·thermal dissociation 
results. 

References 

lH. Kijewski and J. Troe, Helv. Chim. Acta 55, 205 (1972). 
2E. Meyer, H. A. Olschewski, J. Troe, and H. Gg. Wagner, 12th Symp. 

(Int.) Combust., 345 (1969). 

3D. L. Baulch, D. D. Drysdale, D. O. Home, and A C. Lloyd, "Evalu
ated Kinetic Data for High Temperature Reactions", Vol. 1: "Homo
geneous Gas Phase Reactions of the H:r-02 System", London, 
Butterworths (1972). 

4W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 

sL. Brouwer, C. J. Cobos, J. Troe, H. R. DObal, and F. F. Crim, J. Chern. 
Phys. 86, 6171 (1987). 

6J. Troe, Ber. Bunsenges. Phys. Chern. 73, 946 (1969). 

N + CN -+ N2 + C 

Thennodynamic Data 
il.ffl.98 = -191 kJ'mol- 1 

~98;; -6.22 J'K-1mol- 1 

Kp 0.937 T-009S exp (+22900IT) 

Rate Coefficient Data 

k[ cm~ molcculc- 1 :5- 1 ] T[ K] Cornrnt;;Dts 

Rate Coefficient Measurements 
1.0-10- 10 300 Whyte and Phillips (1983)1 (a) 

Reviews and Evaluations 
Baulch etal. (1981)2 (b) 

Comments 

(a) Fast flow system, CN generated by pulsed laser pho
tolysis of C2N2 at 193 nm. N generated by electrical 
discharge in N2 and [N] measured by titration with 
NO. [CN] decay in excess N monitored by laser in
duced fluorescence. Total pressures 1.5-3.5 Torr. 

(b) SUlVey of all data to 1980; no recommendation. 

Preferred Values 

k = 3-10- 10 cm3 molecule- 1 
S-1 over range 300-2500 K 

Reliability 
alog k ± 1.0 over range 300-2500 K 

Comments on Preferred Values 
Results up to 1980 have been reviewed2. Only more re

cent results are tabulated. 
The mechanism of the reaction of CN radicals with N 

atoms is not well understood. It is not clear whether N2 
molecules are formed directly by the reaction CN + N ~ 

J. Phys_ Chern. Ref. Data, Vol. 21, No.3, 1992 

C + Nz or by the sequence N + CN ~ CN2 + M, N + 
CN2 ~ eN + N2. The only data at high temperatures 
comes from Slack and Fishburne3

• These data have been 
re-evaluated by Slack4

,5. Confirmatory studies are re
quired before they can be recommended. 

At low temperatures the measurements scatter over 
four orders of magnitude. The most recent study gives a 
value of k at 300 K comparable with the only high temper
ature data. 

The recommended value together with the substantial 
error limits encompass the high temperature and recent 
low temperature data. 

References 

lA. R. Whyte and L. F. Phillips, Bull. Soc. Chim. Belg. 92, 635 (1983). 
zD. L. Baulch, J. Duxbury, S. J. Grant, and D. C. Montague, "Evaluated 

Kinetic Data for High Temperature Reactions", Vol. 4, Homoge
neous Gas Phase Reactions of Halogen- and Cyanide-containing Spe
cies. J. Phys. Chern. Ref. Data 10, Suppl. 1 (1981). 

3M. W. Slack and E. S. Fishburne, J. Chern. Phys. 52,5830 (1970). 
4M. W. Slack, Proc. 10th Int. Shock Tube Symp., 544 (1975). 
SM. W. Slack, J. Chern. Phys. 64, 228 (1983). 
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Thermodynamic Data 
Affl.98 (1) -107 kJ mo]-l 
4$'298 (1) = -2.79 JK-1mol-1 

~(1) 2.68·l(r T-om exp( + 12500IT) 

Rate Coefficient Measurements 
kl = 1.7,10-12 

k2 = 3.3'10-11 

comments 

N + NCO ~ NO + CN (1) 
~ N2 + CO (2) 

Affl.98 (2) = -743 kJ mo]-l 
~98 (2) -3.73 J K- 1mol-1 

~(2) = 5.20·1()3 T-1.l8 exp{ + 88900IT) 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

1700 
1700 

Reference 

Lifshitz and Frenklach (1980)1 

Comments 

(a) 

(a) Measurement of the induction time for ignition be
hind reflected shocks in CzNJOJAr mixtures. Values 
of k obtained by computer fitting to assumed reaction 
mechanism. Fitting reasonably sensitive to value of k2 
but not to k t • 

Louge and Hanson2
,;) have calculated values of kl from 

the equilibrium constant and the only measured values of 
k -I by Colket4• They obtain 
kl = 7.6-10- 10 exp( -5580/T) cm3 molecule- 1 s-1 over the 
range 2150-2400 K. Using Colket's expression for k-l and 
more recent thermodynamic data, we obtain 
kl = 4.6,10-6 T-O•995 exp( -8690/T) cm3 molecule- 1 S-1 

over the same temperature range. This gives a value close 
to that assigned to kl at 1700 K by Lifshitz and Frenklach1 

confirming the predominance of channel (2). 
Preferred Values 

k2 = 3.3.10-11 cm3 molecule-1 S-1 at 1700 K 
Reliability . 

We accept the only experimental data available for kz 
as our recommended value but with large error limits. 

Alog k2 = ± 0.5 at 1700 K 
References 

Comments on Preferred Values 
There have been no direct measurements of the rate 

coefficients of this reaction. The two channels have been 
assumed to be of similar importance l but there is no ex
perimental confirmation. 

IA. Lifshitz and M. Frenklach, Int. J. Chem. Kin. 12, 159 (1980). 
2M. Y. Louge and R. K. Hanson, Int. J. Chem. Kin. 16,213 (1984). 
3M. Y. Louge and R. K. Hanson, Comb. Flame 58, 291 (1984). 
4M. B. Colket, Am. Chem. Soc. 183rd Meeting, Abstr. of Papers, Phys. 

7 (1982). 

NH + O2 ~ NO + OH (1) 
~ N02 + H (2) 
~ HNO + 0 (3) 

Thermodynamic Data (See Comments on Preferred Values) 
Mrm (1) = -227 kJ mol- 1 Mii98 (2) = -105 kJ mol- 1 

Mi98 (1) = 8.05 J K- 1mol- 1 dS298 (2) = -31.7 J K-1mo(-1 
~(1) = 8.27 T-o lS4exp( + 27200IT) ~(2) = 2.22,10-4 TO 655exp( + 12900IT) 

Mii98 (3) = -7.73 kJ mol- 1 

AS"298 (3) = 4.65 J K- 1mol- 1 

~(3) = 9.64,10- 2 TO.237exp( + 10601T) 

Rate Coefficient Measurements 
8.5,10- 15 

< 3.32'10- 14 

1.2&lO-13 exp( -770IT) 

Reviews and Evaluations 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] 

296 
300 

268-543 

Reference Comments 

Zetzsch and Hansen (1978)1 
Pagsberg et al. (1979)2 
Hack, Kurzke, and Wagner (1985)3 

Hanson and Salimian (1984)4 

(a) 
(b) 
(e) 

(d) 

J. Phys. Chem. Ref. Data, Vol. 21, No.~, 1992 
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Comments 

(a) Flash photolysis study. NH generated by photolysis of 
NH;J02iHe mixtures. [NH] monitored by resonance 
fluorescence. No effect of changes in total pressure 
observed. 

(b) Pulse radiolysis of NH;J02 mixtures. [NH] monitored 
by absorption spectroscopy. Decay of [NH] fitted by 
computer modelling of reaction mechanism. 

( c) Discharge flow system. NH produced by the se
quence F + NH3 ~ NH2 + HF, NH2 + F -+ NH + 
HF. [0] and [H] monitored by resonance fluores
cence and [NH] and [OH] by laser induced fluores
cence. Reaction NH + 02e 4,) ~ products also 
studied; k ~ (1 ± 2)*10- 15 cm3 molecule- 1 S-1 ob
tained for it. 

(d) Review of all data to 1984; theoretical expression due 
to Miller et al.s suggested but no expression recom
mended. 

Preferred Values 

k 1.26'10 -13 exp( - 770fT) cm' molecule -1 s -lover 
range 270-550 K 

Reliability 
410g k = ± 0.2 at 270 K rising to ± 0.5 at 550 K 

Comments on Pre/e"ed Values 
The preferred rate expression is that of Hack et al.3 

with which the k value of Zetzsch and Hansen! at 296 K 
is in close agreement, but wide error limits are assigned 
reflecting the lack of confirmatory data over the temper-

ature range. There is only one experimental measure
ment of the temperature coefficient of k and, in view of 
the low values of the pre-exponential factor and E/R, 
there may be appreciable upward curvature of the Arrhe
nius plot. Extrapolation to higher temperature is thus 
very uncertain. 

Hansen and Salimian4 quote an expression derived by 
Miller etal.s (k = 1.66.10- 11 exp( -6000/T» but this 
gives values much lower than the sparse experimental 
data available. 

The only experimental information on the branching 
ratios comes from the work of Hack et al.3 who observed 
no H atom production in their study at 268-543 K. They 
favour channel (1) as the predominant channel. 

Theoretical calculations by Melius and Binkley; favour 
channels (1) and (2) as the most likely low temperature 
paths with channel (3) becoming dominant at higher tem
peratures. 

The thermodynamic data should be used with caution. 
There are significant uncertainties associated with the 
data on NH. 

References 

lC. Zetzsch and I. Hansen, Ber. Bunsenges. Phys. Chem. 82, 830 (1978). 
2P. B. Pagsberg, 1. Eriksen, and H. C. Christensen, J. Phys. Chem. 83, 

582 (1979). 
lW. Hack, H. Kurzke, and H. Gg. Wagner, J. Chem. Soc., Faraday 

Trans. II, 81. 949 (1985). 
4R. K. Hanson and S. Salimian, in "Combustion Chemistry", ed. W. C. 

Gardiner, Springer-Verlag, New York (1984). 
51. A. Miller, M. D. Smooke, R. M. Green, and R. J. Kee, Fall Meeting 

Western Sec. Comb. lnst. (1982). 
tiC. F. Melius and J. S. Binldey, in "The Chemistry of Combustion Pr0-

cesses", ed. T. M. Sloane, A. C. S. Symp. Series .249, 103 (1984). 

NH + NO ~ H + N20 (1) 
~ HN2 + 0 (2) 
~ N2 + OH (3) 

Thermodynamic Data (See Comments on Preferred Values) 
t1H'm (1) = -147 kJ mol- 1 i1ffl9K (2) 47.5 kJ mol- l 

~~K (1) -57.3 J K-1mol- 1 ~9K (2) == -6.48 J K- 1mol- 1 

K,,(I) 4.64'10-7 Tl.l°exp( + 18100/T) K,,(2) == 3.58-10-2 TO 346exp( -S530/T) 

Mfi9S (3) -408kJ mol-1 

4S298 (3) = -16.7 J K-lmol- 1 

K,,(3) 0.484 T-D.111O exp( + 49000/T) 

Rate Coefficient Measurements 
4.8-10- 11 

5.78-10- 11 

Reviews and Evaluations 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] 

300 
269-373 

Reference 

Cox, Nelson, and McDonald (1985)1 
Harrison, Whyte, and Phillips (1986)2 

Hanson and Salimian (1985)l 
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Comments 

(a) Pulsed laser photolysis of N2HJHe/NO mixtures at 
266 nm in flowing system. [NH] decay monitored by 
laser induced fluorescence at 304.85 nm. 

(b) Pulsed laser photolysis of N2HJAr/NO mixtures at 
248 nm in flowing system. [NH] decay monitored by 
laser induced fluorescence at 336 nm. He, N2, and 
N20 also used as carrier gases give same results. 

(c) Review of data to 1985; no recommendation. 

Preferred Values 

k = 5.0-10- 11 over range 269-373 K 

Reliability 
alog k = ± 0.2 over range 269-373 K 

Comments on Preferred Values 
Studies up to 1985 have been reviewed3

• Only more re
cent measurements are tabulated here. 

At low temperatures there is excellent agreement be
tween all of the available studies. Our recommendation is 
based on all of themJ,2,4,s. 

At higher temperatures there are three studies6
,7,8 cov

ering the range 670-2850 K. They are extremely divergent 
both in absolute values of k and their temperature coeffi
cients of k. All are nearly an order of magnitude or more 
lower than the values measured at temperatures close to 
300 K. Further high temperature studies are required be-

fore any recommendation can be made for this tempera
ture regime. 

There are no experimental data on the relative impor
tance of the various channels. Calculations' suggest that, 
of the bimolecular routes, channel (1) is likely to predom
inate since channel (2) is highly endothermic and channel 
(3), although exothermic, is likely to have a substantial 
activation energy as a result of the 1-3 hydrogen shift re
quired to produce N2 and OH from the initially formed 
HNNO. 

The thermodynamic data should be used with caution. 
There are significant uncertainties associated with the 
data on NH. 
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NH + NO ~ H + NzO 
~ HNz + 0 
~ Nz + OH 

T/K 
500 400 

,/ 
,/ 

,/ 
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,/ 

1.5 

o • 6. .. 
1-----1 

2.0 2.5 

1 03T-l /K- 1 

a 0 
o 

300 

EXPERIMENTAL DATA 

Honison tit 01 1986 
COlf tit at 1985 
Gordon et at 1971 
Hansen et at 1976 
Nip 1974 
Raose at at 1981 
Peterson 1981 

o 
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NH2 + O2 ~ NO + H20 (1) 
~ N02 + H2 (2) 
~ HNO + OH (3) 
~ HN02 + H (4) 
~ H2NO + 0 (5) 

NH2 + O2 + M ~ NH20 2 + M (6) 

Thermodynamic Data 
Mfi98 (1) = -342 kJ mol- 1 

M~98 (1) = 0.281 J K-1mol- 1 
AHi98 (2) = - 157 kJ mol- 1 

~98 (2) = -29.1 J K-1mol-1 

Kp(1) = 4.89 T-0 266exp( + 41000IT) Kp(2) = 1.16.10-3 T0499 exp( + 19000IT) 

Mfi98 (3) = -51.8 kJ mol- 1 

M~8 (3) = 4.56 J K-1mol- 1 
tJ-I298 (4) = -49.1 kJ mol- 1 

M298 (4) = -35.7 J K-1mol-l 
K"p(3) = 0.914 TO 109 exp( + 62401T) Kp(4) =:; 1.43'10-6 Tl34 exp( + 63701T) 

There are no thermodynamic data available for channels (5) and (6). 

Rate coefficient data (k = k1 + k2 + k3 + k4 + ks + k6) 

T[K] Reference Comments 

Rate Coefficient Measurements 
<4.6,10- 17 1245 

298 
459 
298 

Michael et al. (1985)1 (a) 
<7.7'10- 18 

<5.6,10- 18 

<3'lU- HI Losovsky, loffe, and Sarkisov (1984l (b) 

Reviews and Evaluations 
< 3.10- 18 298 CODATA (1984)3 

Lesclaux (19Mt 
(c) 
(d) 
(e) Hanson and Salimian (1985)5 

Comments 

(a) Flash photolysis of NH.JO.,/He mixtures. [NH2] mon
itored by laser induced fluorescence at 578 nm. Total 
pressure 25 Torr He. Flash energy varied 1.5 - 15.8 J. 
No effect of 02 at low flash energies. 

(b) Flash photolysis of NH3I02l'N2 mixtures at total pres
sures < 30 Torr. [NH2] monitored by intracavity 
laser absorption spectroscopy at 598 nm. Decay rate 
of NH2 obselVed to be independent of O2 pressure 
above 1 Torr. ObselVed decay attributed to NH2 + 
H02 reaction. 

(c) Evaluation of low temperature data only. 
(d) Comprehensive review, no recommendation. 
(e) Comprehensive review, no recommendation. 

Preferred Values 

k < 3.10-18 cm3 molecule- 1 S-1 at 298 K 

Comments on Pre/erred Values 
Studies up to 1984 have been tabulated and reviewed. 

elsewhere3
•
4
•
5. 

There has been considerable interest in this reaction 
because of its likely importance in ammonia oxidation but 
at low temperatures it is so slow that it is difficult to study 
by the usual fast reaction techniques. Furthermore, the 

measurements are very sensitive to the presence of H 
atoms which initiate NHz oxidation by HOz formation in 
NH.IO., systems which have been used frequently in these 
studies. At low temperatures only upper limits to k are 
available, mostly determined by flash photolysis. Our pre
ferred value for k is that of Lesclaux and DemissyB. The 
only discharge-flow studylZ suggests a pressure dependent 
rate coefficient, interpreted as due to the formation of 
NH20 Z as a relatively stable intermediate, but this is not 
supported by the flash photolysis studies and theoretical 
calculationsI5.17

• 

At high temperatures the only available data are from 
a shock tube study13 and one in which NHJ02 mixtures 
were passed through a hot tubular reactorl4

• Interpreta
tion of the results required computer fitting using large 
reaction schemes and values obtained differ substantially. 
We do not consider these results to be certain enough to 
make a recommendation without further studies. 

There is no conclusive experimental evidence on the 
relative importance of the various possible reaction chan
nels. Recent theoretical calculations15 suggest the NH20 2 

is stable only to the extent of = 20 kJ mol- 1 and hence 
is very short-lived, even at 300 K. As suggested by Ben
son 17, these calculations favour channel (5) as the pre
ferred route despite its estimated endothermicity of 
= 125 kJ mol-I. The exothermic channels proceed via 
NH202 which must surmount a large energy barrier to 

J. Phys. Chem. Ref. Data, Vol. 21, No.3. 1992 
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before going on to form products [channels (1), (2), (3), 
(4)]. Channel (3) has been widely accepted in many mod
elling studies and despite the theoretical evidence against 
it, the possibility of it making a contribution at high tem
peratures should not be ruled out. 

SR. K. Hanson and S. Salimian, in "Combustion Chemistry", ed. W. C. 
Gardiner, Springer-Verlag, New York (1984). 

6R. A. Cox, R. G. Derwent, and P. M. Holt, Chemosphere 4, 201 (1975). 
7R. K. M. Jayanty, R. Simonaitis, and J. Heicklen, J. Phys. Chem.80, 

433 (1976). 
8R. Lesclaux and M. Demissy, Nouveau J. de Chemie 1,443 (1977). 
9]'. E. Graedel, J. Geophys. Res. 82, 5917 (1977). In contrast to the reaction of ground state 02, the rate 

of reaction between NH2 and b2 e ag) has been measured 
by discharge flow methods. A value of 1.0.10-14 cm3 

molecule- 1 
S-1 over the range 295-353 K was obtained19

• 

lOp. B. Pagsberg, J. Eriksen, and J. C. Christensen, J. Phys. Chem. 83, 
5 (1979). 

11S. G. Cheskis and O. M. Sarkisov, Chem. Phys. Lett. 62, 72 (1979). 
12W. Hack, O. Horie, and H. Gg. Wagner, J. Phys. Chem. 86, 765 (1982). 
UN. Fujii, H. Miyama. M. Koshi, and T. Asaba, 18th Symp. (Int.) Com-

References bust., 9873 (1981). 

IJ. V. Michael, R. B. Klemm, W. D. Brobst, S. R. Bosco, and D. F. 
14A. M. Dean, J. E. Hardy, and R. K. Lyon, 19th Symp. (Int.) Combust., 

97 (1982). 
Nava, J. Phys. Chem. 89, 3335 (1985). 15C. F. Melius and J. S. Binkley, in "The Chemistry of Combustion Pro-

ZV. A. Losovsky, M. A. Ioffe, and O. M. Sarkisov, Chem. Phys. LeU. 110, 
657 (1984). 

3CODATA Task Group on Chemical Kinetics, D. L. Baulch, R. A. Cox, 
R. F. Hampson, J. A. Kerr, J. Troe, and R. T. Watson, J. Phys. Chem. 
Ref. Data 13, 1298 (1984). 

cesses", ed. T. M. Sloane, A. C. S. Symp. Ser. 249, 103 (1984). 
1
6R. Patrick and D. M. Golden, J. Phys. Chem. 88, 4491 (1984). 
nc. Pouchon and M. Chaillet, Chem. Phys. Lett. 90, 310 (1982). 
18S. W. Benson, 18th Symp. (Int.) Combust., 882 (1981). 
l'iW. Hack and H. Kurzke, Ber. Bunsenges. Phys. Chem. 89,86 (1985). 

4R. Lesclaux, Rev. Chem. Intermed. 5, 347 (1984). 

NH2 + NO ~ N2 + H20 (1) 

Thermodynamic Data 
A1rm (1) = -523 kJ mol- l 

45"298 (1) = -25.0 J K-1mol- 1 

1(,.(1) = 0.286 -ro.2S2 exp( + 62700IT) 

A1r298 (3) = 175 kJ mol- l 

~9S (3) = -3.49 J K-1mol- 1 

Kp(3) = 0.110 m·363 exp( - 2100/T) 

Mr298 (5) = 3.37 kJ mol- l 

45"298 (5) 2.73 J K-1mol- 1 

1(,.(5) =0.339 m·21S exp( -357/T) 

~ N2 + H + OH (2) 
~ NH + HNO (3) 
~ NH2NO (4) 
~ N2H + OH (5) 
~ N20 + H2 (6) 

t1Jr,.1J8 (2) = - 23.7 kJ mol- l 

~1J8 (2) = 84.5 J K-1mol- t 

1(,.(2) = 79.6 m·945 exp( + 2960IT) 

t1Jr,.1J8 (6) = -199 kJ mol- l 

~1J8 (6) = -54.8 J K-1mol- 1 

Kp(6) = 2.43'10-6 TO.946 exp( + 24200/T) 

Rate Coefficient Data (k = k, + k2 + k3 + k4 + ks + kG) 

k[cm3 molecule-1 &-1] T[K.] Reference 

Rate Coefficient Measurements 
1.4.10-11 298 Gericke el al. (1984)1 
2.17.10- 11 297 Stephens lit 01. (1984)2 
k2 = 5-10- 12 

1.7-10-11 298 Dreier and Wolfrum (1985r~ 
1.3-10-11 298 
1.6-10-11 298 Hall et al. (1986)4 
k1 = 1.06,10-11 

kz = 1.36-10-11 

k3 = 2.98-10- 12 

k1 ~ 1.73.10-11 300 Dobson (1986)5 
ks ;:, 2.6'10- 12 

ks/(kt + ks) = 0.12 298 Silver and Kolbe (1987t 
ks 7.9-1015 T-l.17 294-1027 Atakan el al. (1989f 

Reviews and Evaluations 
1.8-10- 11 (T/298)-lS 200-1000 Lesclaux (1984)1' 
1.6-10-11 (T/298)-1.5 210-500 CODATA (1989)9 
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Comments 

(a) 
(h) 

(c) 

(d) 

(e) 

(f) 
(g) 

(h) 
(i) 
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Comments 

(a) NH2 generated by multiphoton dissociation of N2a 
or CH3NHz. [NHz] monitored by laser induced fluo
rescence. 

(b) Discharge flow study of OH + NH3 reaction. [OH] 
monitored by resonance fluorescence. Secondary 
chemistry modelled to give quoted k value. 

(c) Flow reactor. Laser flash photolysis of NH3 at 193 
nm. NHz radicals and product Nz monitored by 
CARS. Independent value of k obtained by monitor
ing vibrationally excited H 20 by time resolved in
frared fluorescence. 

(d) Infrared kinetic spectroscopy detection of products in 
range 2.3-3.2 Il.m fol1owing NH2 production hy 1aser 
photolysis of NH3• Detection of vibrationally excited 
H20 as product. 

(e) Fast-flow tube reactor with modulated beam mass 
spectrometry detection. [OH] I [H20] product ratio 
measured. 

(f) Re-evaluation of branching ratio from data reported 
in earlier paper. 

(g) Laser photolysis of NH3. Laser induced fluorescence 
monitoring of [NHz] and [OH]. It is concluded that 
OH is a direct product of the reaction. [OH]J[NHz]o 
= 0.1 at 300 K rising to 0.19 at 1000 K. 

(h) Comprehensive review of all studies up to 1984. 
(i) Based mainly on sparse low temperature data. 

Preferred Values 

k = 1.8.10-12 exp( + 6501T) cm3 molecule-1 8-1 over 
range 220-2000 K 

(k2 + ks)/k = 0.12 at 298 K 

Reliability 
410g k = ± 0.5 over range 220-2000 K 

Comments on Pre/erred Values 
The major studies prior to 1984 have been reviewed 

and are not tabulated here. 
The data close to room temperature range over a fac

tor of 3 there being a significant discrcpancy bctween 
those from flash photolysis studies (~ 20.10- 12 cm3 

molecule- 1 S-I) and those from discharge flow measure
ments (:=::: 9.10-12 cm3 molecule-1 8-1). We take a mean 
value of 1.6-10-11 cm3 molecule- 1 S-1 based on Refs. 3, 
10-19. 

It is clear that the rate coefficient has a significant neg
ative temperature dependence. Our recommendations 

are based on all of these studies 7,10,12,17,18 on the tempera
ture dependence which are in reasonable agreement. 

The relative importance of the various reaction chan
nels has been the subject of considerable experimental 
work and theoretical calculations. The negative tempera
ture dependence suggests formation and subsequent re
arrangement and dissociation of the addition product 
NH2NO. 

At high temperatures little information about the 
branching ratios is available. Channels (1), (2) and (5) are 
likely to be important but N20 production has also been 
observed at high temperatures19

• The energetics of the re
action pathways have been the subject of several theoret
ical studies2o,21,22,23,24. 
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2.8,10- 12 

3.0010- 12 

1.4-10- 12 

1.4'10-12 

1.8-10- 12 exp( -1470/T) 

no apparent reaction 
< 3.10- 14 

1.9'10- 11 

1.7'10- 11 

5.0010- 11 exp( -297/T) 

1.&10- 10 

3.3.10- 10 

3.3,10- 10 

4.3'10- 10 

< 3-10-14 

1.7.10-11 exp( -2805/T) 
< 3'10- 14 

< 1'10-16 

1.3.10- 12 

2.4'10- 11 exp( -920/T) 

1.7.10-10 

1.8-10- 11 exp( -97IT) 

4.9-10- 11 exp( -71/T) 

EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

Reactions of C2 Species 

T[K] 

298 
300 

298 
300 

300-600 

298 
300 

298 
300 

300-600 

298 

300 

298 

300 

300 

337 605 
300 
298 

Reference 

Pasternack and McDonald (1979t 
Reister et al. (1980)5 

Pasternack and McDonald (1979)4 
Reister el al. (1980)6 
Pitts el al. (1982)10 

Pasternack and McDonald (1979)4 
Reister el al. (1980)6 

Pasternack and McDonald (1979t 
Reister et al. (1980)" 
Pitts et"aI. (1982)10 

Pasternack and McDonald (1979)4 

Reisler et al. (1980)6 

Pasternack and McDonald (1979t 

Reisler et al. (1980)6 

Reister et al. (1980)f' 

Pasternack et al. (1980)8 
Reister et al. (1980)" 
Donnelly and Pasternack (1981)1 

Cz(a 3rr.,) + CzHo - Products 

298 
300-600 

300 
300-600 

300-600 

Donnelly and Pasternack (1979)1 
Pasternack et al. (1981)9 

Reister et al. (1980)6 
Pasternack et al. (1981)9 

Pasternack et al. (1981)9 

Comments 

(a) 
(b) 

(a) 
(e) 
(d) 

(a) 
(e) 

(a) 
(c) 
(d) 

(a) 

(a) 

(e) 

(c) 

(e) 
(c) 
(t) 

(t) 
(g) 

(c) 
(g) 

(g) 

625 
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G2G 

1.7-10-10 

1.4-10-10 

1.2-10-10 exp( + SIT) 

9.6-10- 11 

< 3-10-14 

3.4-10-12 

3.0-10-12 

3.0-10- 12 

< 2'10- 15 

< 3'10-14 

2.0-10- 13 

. 4.5'10- 12 

5.5'10- 12 exp( + 241T) 

1.1'10- 11 exp( -337IT) 

Comments 

BAULCH ET AL. 

Reactions of C2 Species - Continued 

T[K] 

300 
298 

3~00 

298 

300 

300 
298 
300 

300 

Reference 

Reisler el al. (1979)2 
Donnelly and Pasternack (1979)1 
Pasternack et al. (1981)9 

Donnelly and Pasternack (1979)1 

Reisler et al. (1980)6 

Filseth et aJ. (1979)3 
Donnelly and Pasternack (1979)1 
Reisler et al. (1980)' 

Mangir et al. (1980)' 

Cz(a 3f1u) + Ar - Products 

300 
300 

300 

300 
300-500 

300-600 

Filseth et aJ. (1979)3 
Reister et al. (1980)6 

Reister et aJ. (1980)6 

Reisler et al. (1980)6 
Pasternack et al. (1981)9 

Pitts et al. (1982)10 

Comments 

(h) 
(1) 
(g) 

(1) 

(c) 

(i) 
(1) 
(b) 

(j) 

(i) 
(e) 

(e) 

(c) 
(g) 

(d) 

(a) C2(X1I g1 produced by multiphoton UV excimer laser 
photodissociation of hexafluorobutyne-2; monitored 
by laser induced fluorescence at 691 nm. The authors 
explain the faster reaction rates of C2(X1I g+) with H2 
and hydrocarbons by a hydrogen atom exchange re
action to form ground state C2H which is forbidden 
for C2(a 3I1u). 

Considerable intersystem crossing with heavy colli
sion partners or with non-singlet partners. 

(d) Production of C2(X1I g*) by photolysis of hexafluo
robutyne-2 in 10 Torr He. C2 monitored by time re
solved laser induced fluorescence. in the cases of 0, 
as reactant only at low temperatures (at high temper
ature PC21 from chemiluminescence of excited CO 
from Cz + 02 reaction). Propose insertion mecha
nism for reaction of Cz(X1Ig') with H-H and C-H 
bonds. Very fast equilibration between C2(XIIg~ and 
C2(a 3llu) in the presence of O2• Different sets of 
Arrhenius parameters for C2 + 02 under the as
sumptions that (1) k eC2 + 02) ~ k eC2 + O2), and 
(2) keC2 + O2) > > keC2 + O2). 

(b) IR multiple photon dissociation of C2H3CN. Radical 
depletion monitored by laser induced fluorescence, 
CO formation by chemiluminescence. Total pres
sures 1-4 Torr Ar. The authors conclude that CO in 
highly excited triplet states is the primary product. 

(c) IR multiple photon dissociation of C2H3CN or 
C2HCh. C2 monitored by laser induced fluorescence. 
Total pressures 1-4 Torr Ar or He. Measurements of 
intersystem crossing rates with C2C14 as scavenger. 

J. Phys. Ch~"". Ref. Data, Vol. 21, NO.3, 1992 

(e) C2 produced by 193 nm excimer laser photolysis of 
hexafluorobutyne-2 and monitored by laser induced 
fluorescence. Total pressure 10-170 Torr CJL. 
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(t) Cz(a3IL) formed by multiphoton UV photolysis of 
C~2 or CifL at 193 nm; monitored by laser induced 
fluorescence. Total pressures 0-300 Torr. 

(g) C2(a 3I1u) produced by multiphoton UV excimer laser 
photodissociation of hexafluorobutyne-2 or benzene. 
C2 depletion measured by laser induced fluorescence. 
Authors suggest that the reactions of 3CZ with H2 and 
saturated hydrocarbons proceed via H atom abstrac
tion (supported by BEBO techniques, linear free en
ergy correlations, and Evans-Polanyi plots) whereas 
with unsaturated hydrocarbons faster insertion reac
tions take place. 

(h) C:z(a 3IL) by IR mUltiple photon dissociation of either 
vinylcyanide or ethylene in the presence of NO or Ar. 
Decay of C2(a3IL) monitored by laser induced fluo
rescence; slow flow conditions. eN formation ob
served by chemiluminescence. 

(i) IR multiple photon dissociation of acrylonitrile 
C~H3CN, laser induced fluorescence of Cz(a 3llu ); to
tal pressures up to 50 Torr. A VUV chemilumines
cence signal was observed when 02 was present in the 
mixture; electronically excited CO(A In) proposed. 

(j) IR-MPD of vinylcyanide or trichloroethylene. 
C:z(a 3Ilu) and C2(X1I;) observed by ]aser induced flu
orescence. The intersystem crossing rates were ob
tained by increasing the concentration of O2 in the 
sample and comparing the removal rates of lCl and 
3C:z. At 300 K the intersystem crossing is much faster 
than chemical reactions; therefore it is impossible to 
measure distinct reaction rates of lC2 and 3Cl , only 
the rate of equilibrated ICl /

3C;z mixtures. 

References 

lV. M. Donnelly, L. Pasternack, Chern. Phys. 39, 427 (1979). 
2M. Reister, M. Mangir, C. Wittig, J. Chern. Phys. 71, 2109 (1979). 
3S. V. Filseth, G. Hancock, J. Fournier, K. Meier, Chern. Phys. Lett. 61, 

288 (1979). 
4L. Pasternack, J. R. McDonald, Chern. Phys. 43, 173 (1979). 
5H. Reisler, M. Mangir, C. Wittig, Chern. Phys. 47,49 (1980). 
6H. Reisler, M. S. Mangir, C. Wittig, J. Chern. Phys. 73, 2280 (1980). 
'M. S. Mangir, H. Reister, C. Wittig, J. Chern. Phys. 73, 829 (1980). 
1IL. Pasternack, A. P. Baronavski, J. R. MCDonald, J. Chern. Phys. 73, 

3508 (1980). 
9L. Pasternack, W. M. Pitts, J. R. McDonald, Chern. Phys. 57,19 (1981). 
lOW. M. Pitts, L. Pasternack, J. R. McDonald, Chern. Phys. 68, 417 

(1982). 

CH + O2 ~ CHO + 0 (1) 

Thennodynamic Data 
Mli98 (1) == -301 kJ rnol- l 

Mi98 (1) = -2.5 J K- 1rnol- 1 

.Kp(I) == 0.487 T00499 exp( + 36300IT) 

Rate Coefficient Measurements 
< 4'10- 11 

1.7'10- 11 

3.3.10- 11 

5.9'10- 11 

5.4.10- 11 

2.1.10- 12 

k2 = 8.10- 11 

2.3'10- 11 

Comments 

~ CO + OH (2) 

Mli98 (2) - 666 kJ mol- 1 

.a5298 (2) = - 6.82 J K -lmol-l 

.Kp(2) -- 10.1 T- 0432 exp(+79900/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

298 
1815-2365 

298 
298 

297-676 
298 
298 
290 

Reference 

Bosnali and Perner (1971)1 
Iachirnowski (1977)2 
Messing, Sadowsky, and Filseth (1979)3 
Butler el al. (1980,1981)4,5 
Berman et al. (1982)6 
Duncanson and Guillory (1983)' 
Lichtin, Berman, and Lin (1984)8 
Anderson, Freedman, and Kotb (1987)9 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 
(g) 
(h) 

(a) Pulse radiolysis of 15 Torr CRt with various amounts 
of O2 added; [CH] by absorption spectroscopy at 
314.4 nrn. 

nm, [OH(A 21 +)] by chemiluminescence. Total pres
sure 10-30 Torr Ar. No pressure dependence re
ported. 

(d) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence near 430 nrn. Total 
pressure 100 Torr AT. (b) Oxidation of C2H2 and c2a behind incident shock 

waves. Emission monitored at 370 nm (CO + 0 ~ 
C02 + hv), at 5.0 f.Lm (CO), and at 4.3 f.Lm (C02). 
Total pressure 1.1-1.7 atm Ar. Numerical modelling 
of 38 reaction mechanism. k(CH + 02) arbitrarily 
set. 

(c) Multiphoton dissociation of methylamine at 1047 
em-I; [CH] by laser induced fluorescence at 431.4 

(e) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. No significant temperature de
pendence. 

(f) IR-multiphoton dissociation of CH30H; [CH(X2ll), 
v = 0 and v = 1)] by laser induced fluorescence at 
430.0 nm and 487.3 nrn. Total pressure 10 Torr Ar. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Given value of k for v = O. k(v ... 1) = 4.3.10-12 cm3 

molecule- t S-1 including vibrational relaxation. 
(g) Multiphoton dissociation of CHBr3 at 266 nm; [OH 

(A 2I +)] by chemiluminescence. Total pressure 21 
Torr, mainly Ar. 

(h) Fast flow reactor; CH formation by sequential Br 
atom abstraction from CHBr3 with excess alkali
metal atoms (Na or K); [CH] and [OH] by laser in
duced fluorescence. Total pressure 2 Torr He/Ar 
mixture. 

Preferred Values 

k = 5.5-10-11 cm3 molecule- 1 S-1 over range 300-2000 K 

Reliability 
alog k = ± 0.3 at 300 K rising to ± 0.5 at 2000 K 

Comments on Pre/en-ed Values 
The recommendation is based on the study of Berman 

et al.6 because it covers a large temperature range and is 
in reasonable agreement with other recent studies. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. Al6, 1768 (1971). 
ZC. J. Jachimowski, Comb. Flame 29, 55 (1977) • 
31. Messing, C. M. Sadowsky, and S. V. Filseth. Chem. Phys. Lett. 66. 95 

(Un9). 
4J. E. Butler, J. W. Fleming. L P. Ooss, and M. C. Lin, ACS Symp. Ser. 

(Laser Probes Combust. Chem.), 134,397 (1980). 
5J. E. Butler, J. W. Fleming, L. P. Ooss, and M. C. Lin, Chem. Phys. 56, 

355 (1981). 
6M. R. Berman, J. W. Fleming, A B. Harvey, and M. C. Lin, 19th Symp. 

(Int.) Combust., 73 (1982). 
'J. A Duncanson, Jr., and W. A. Guillory, J. Chem. Phys. 78, 4958 

(1983). 
8D. A Lichtin, M. R. Berman, and M. C. Lin, Chem. Phys. Lett. 104, 

18 (1984). 
9S. M. Anderson, A. Freedman, and C. E. Kolb, J. Phys. Chem. 91, 6272 

(1987). 
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2000 

H 

CH + O2 ~ CHO + 0 
~CO + OH 

1000 

EXPERIMENTAl.. DATA 

Bn .. nnll nnd P",rn",r 10::171 

Jachlmowsld 1977 
Messing et 01 1979 
Butler et 01 1980 
Berman et 01 1982 

T/K 
500 

• Duncanson and Guillory 1983 
[J Anderson tit 01 1987 
... Llchtin et 01 (2 works) (k2) 1984 

This Recommendation 1989 
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1 03T-l /K- 1 
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CH + H2 ~ H + CH2 (1) 
~ CH3 (2) 

Thennodynamic Data 
Mrm (1) = 10.8 kJ 1001-1 

aso298 (1) = -3.44 J K-lmol-l 
KP(I) = 0.275 1"'.109 exp( -1220IT) 

A1rm (2) = - 448 kJ mol- 1 

~298 (2) = -119 J K-1mol-1 

KP(2) = 1.71,10-5 T-O
•
623 exp( + 54000IT) atm-1 

Rate Coefficient Data (k = k1 + kz) 

k[cm3 molecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
1.0-10-12 298 Braun et al. (1967)1 (a) 
1.7-10-11 298 Bosnali and Pemer (1971)2 (b) 
2.3-10- 11 298 Butler et al. (1979,80)3.4 (c) 
k2 = 2.4'10- 12 exp( + 520IT) 159-300 Berman and Lin (1984}S (d) 
kl = 3_6.10-10 exp( -19601T) 400-660 
k. = 2.4.10-10 exp( -1760IT) 372-675 Zabamick, Fleming, 
k. = 1.5-10-13 TUl22 exp( -l260IT) 300-2500 
1.4'10-11 297 

Comments 

(a) VUV flash photolysis of ClL with added H2; [CH] by 
absorption spectroscopy at 314.3 nm. Total pressures 
1-10 Torr. 

(b) Pulse radiolysis of 15 Torr CH4 with added H2; [CH] 
by absorption spectroscopy at 314.3 nm. 

(c) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressures 30-100 Torr Ar. 

(d) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. Pressure dependence of k 
studied at 297 K over range 25-600 Torr; k increasing 
from 7.9,10-12 em3 molecule-1 S-1 at 25 Torr to 
4.5'10-11 cm3 molecule- 1 S-1 at 600 Torr_ Tempera
ture and pressure dependence of k, isotopic effects 
and a transition-state model support an addition 
mechanism. 

(e) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. kl determined by measuring to
tal rate at higher temperatures and subtracting k2 
from Ref. 5. Rate coefficient over range 300-2500 K 
from transition-state theory. 

J. Phy •• Chem. Ref. Data, Vol. 21, No.3, 1992 

and Lin (1986)6 (e) 

Preferred Values 

kl = 2.4.10-10 exp( -1760/T) cm3 molecule- 1 S-1 over 
range 300-1000 K 

Reliability 
alog k = ± 0.3 over range 300-1000 K 

Comments on Preferred Values 
The most recent value of Un and coworkers has been 

taken as the recommendation which is in reasonable 
agreement with the other data at higher temperatures. At 
lower temperatures there is evidence for channel (2) be· 
coming significant. 

References 

tw. Braun, J. R. McNesby, and A. M. Bass, J. Chem. Phys. 46, 2071 
(1967). 

2M. W. Busnali and D. Pcmcr, Z. Naturforsch. AU, 1768 (1971). 
3J. E. Butler, L. P. Goss, M. C. Lin, and J. W. Hudgens, Chem. Phys. 

Lett. 63, 104 (1979). 
4J. W. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, ACS Symp. Ser. 

(List.:a PlUUt:S CullJiJust. Cht:m.) 134,397 (1980). 
SM. R. Berman and M. C. Lin, J. Chem. Phys. 81, 5743 (1984). 
6S. Zabamick, J. W. Fleming, and M. C. Lin, J. Chern. Pbys. 85, 4373 

(1986). 
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EXPERIMENTAL DATA 
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CH + H20 -+ Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.5'10- 11 

9.5,10- 12 exp( + 380fT) 
298 

298-669 
Bosnali and Perner (1971)1 
Zabarnick, Fleming, and Lin (1988f 

(a) 
(b) 

Comments 

(a) Pulse radiolysis of 15 Torr ClL; [OH] by absorption 
at 314.4 nm. 

(b) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. k independent of pressure over 
range 20-300 Torr at room temperature. 

k 

Preferred Values 

9.5-10- 12 exp( + 380/T) cm3 molecule-I S-1 over 
range 300-1000 K 

Reliability 
alog k = ± 1.0 over range 300-1000 K 

Comments on Pre/erred Values 
The rate coefficient given by Zabarnick, Fleming, and 

Linz is recommended but with wide error limits. 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. A26, 1768 (1971). 
2S. Zabarnick, J. W. Fleming, and M. C. Lin, 21st Symp. (Int.) Com

bust., 713 (1988). 

CH + CO -+ Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.8'10- 12 

2.1'10- 11 

4.6'10- 13 exp( + 861fT) 

298 
298 

297-676 

Bosnali and Perner (1971)1 
Butler et al. (1980,1981)2.3 
Berman et al. (1982) 4 

(a) 
(b) 
(c) 

Comments 

(a) Pulse radiolysis of 15 Torr ClL; [OH] by absorption 
at 314.4 nm. 

(b) Multiphoton dissociation of CHBr3 at 193 nm; LCHJ 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. k probably pressure depen
dent; suggest an addition mechanism similar to the 
CH, + N2 reaction. 

(c) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. k(CH + CO) increases by a 
factor of 3 over range 50-640 Torr Ar . Possible prod
ucts of CH + CO2 either CHO + CO or H + 2 CO. 

Preferred Values 

k 4.6-10- 13 exp( + 861!T) cm3 molecule-1 S-1 over 
range 300-1000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reliability 
alog k = ± 1.0 over range 300-1000 K 

Comments on Pre/erred Values 
The rate coefficient ot Herman et al.4 (which is consis

tent with the room temperature value of Butler et al.2.3) is 
taken as the recommendation but with wide error limits. 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. A26, 1768 (1971). 
2J. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, ACS Symp. Sere 

(Laser Probes Combust. Chem.), 134,397 (1980). 
3J. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, Chem. Phys. 56, 

355 (1981). 
4M. R. Berman, J. W. Fleming, and M. C. Lin, 19th Symp. (Int.) Com

bust., 73 (1982). 
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CH + CO2 -+ Products 

633 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
VHO- 12 

5.7'10- 12 exp( -345fT) 
298 
297-676 

Butler el al. (1980,81)1,2 
Berman etal. (1982)3 

(a) 
(b) 

Comments 

(a) Multiphoton dissociation of CHBr3 at 193 nm; [eH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. k probably pressure dependent; sug
gest an addition mechanism similar to the CH + N2 
reaction. 

(b) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 1I1ll. Total pres
sure 100 Torr Ar. k(CH + CO) increases by a factor 
of 3 over range 50--640 Torr Ar. Possible products of 
CH + C02 either HCO + CO or H + 2 CO. 

Preferred Values 

k 5.7,10-12 exp( -345fT) cm3 molecule-1 S-1 over 
range 300-1000 K 

Reliability 
alog k = ± 1.0 over range 300-1000 K 

Comments on Preferred Values 
The value of Berman et al.3 is recommended but with 

wide error limits. 

References 

IJ. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, ACS Symp. SeT. 
(Laser Probes Combust. Chem.), 134, 397 (1980). 

2J. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, Chem. Phys.56, 
355 (1981). 

3M. R. Berman, J. W. Fleming, and M. C. Lin, 19th Symp. (Int.) Com
bust., 73 (1982). 
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CH + CH4 ~ Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
2.5,10- 12 
3.3,10- 11 

298 
298 
298 
298 

Braun, MeNesby, and Bass (1967) 1 

BosnaH and Perner (1971)2 
(a) 
(b) 
(e) 
(d) 
(e) 
(f) 

3.0-10- 10 Butler el al. (1979)3 
1.0-10-10 Butler eial. (1981t 
5.()O10- 1l exp( +200/T) 
5.4-10- 11 

167-652 
290 

Berman and Lin (1983) s 
Anderson, Freedman, and Kolb (1987)6 

Comments 

(a) VUV flash photolysis of pure CH4; [CH] byabsorp
tion measurement at 314.3 nm. Addition ora diluent 
gas (Ar) resulted in decreasing [CH] to a limiting value 
of 0.6 times [CH](pure CH .. ) at 10 Torr of Ar and a 
rate coefficient of 3.3,10- 12 cm3 molecule -1 s -1; this ef
fect is also influenced by the flash intensity and prob~ 
ably due to quenching of an excited species otherwise 
leading to CH. 

(b) Pulse radiolysis of 15 Torr ClL; [OH] by absorption 
at 314.4 nm. 

(c) Multiphoton dissociation of CHBr) at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 30-100 Torr Ar. 

(d) Multiphoton dissociation of CHBr) at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. 

(e) Multiphoton dissociation of CHBr) at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. k(CH + C3lis) estimated, based on 
the observed linear dependence of k on the number of 
C-H bonds. k(CH + CH4) pressure-independent be
tween 25 Torr and 200 Torr. Formation of an excited 
insertion intermediate C2HJ leading to C2lL + H con
firmed by transition-state and RRKM theory. 

(f) Fast flow reactor. CH formation by sequential Br 
atom abstraction from CHBr) with excess alkali-metal 
atoms (Na or K); [CH] by laser induced fluorescence. 
Total pressure 2 Torr He/Ar mixture. 

Preferred Values 

k = 5.0010- 11 exp( +2ooIT) cm3 molecule-1 S-1 over 
range 200-700 K 

Reliability 
8,log k = ± lover range 200-700 K 

Comments on Preferred Values 
The available data shows considerable scatter. The 

preferred values are those of Berman et al.s but wide er
ror limits are suggested. 

References 

lW. Braun, J. P. MeNesby, and A. M. Bass, J. Chern. Phys. 46, 2071 
(1967). 

2M. W. Bosnali and D. Perner, Z. Naturforseh. A26, 1768 (1971). 
3J. E. Butler, L. P. Goss, M. C. Lin, and J. W. Hudgens, Chern. Phys. 

Lett. 63, 104 (1979). 
4J. E. Butler, J. W. Fleming. L. P. Goss, and M. C. Lin, Chern. Phys. 56, 

355 (1981). 
SM. R. Berman and M. C. Lin, Chern. Phys. 82, 435 (1983). 
6S. M. Anderson, A. Freedman, and C. E. Kulb, J. Phy:s. Chern. '1, 6272 

(1987). 

CH + C2H2 ~ Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
8.1.10- 11 

2.2,10- 10 

35'1O- 10exp( + 61/T) 

298 
298 

171-657 

Bosnali and Perner (1971)1 
Butler el al. (1981)2 
Berman et al. (1982)3 

(a) 
(b) 
(e) 

Comments 

(a) Pulse radiolysis of 15 Torr CH4; [OH] by absorption 
at 314.4 nm. 

(b) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

(c) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. Discrepancies with Butler's results4 

probably due to photolysis of reactants (C2lL, C2H2) at 
193 nm. Suggest an addition mechanism of CH to the 
C - C double or triple bond leading to a three-mem
bered ring followed by rapid ring opening. 
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Preferred Values 

k = 3.5-10-10 exp( + 61fT) cm3 molecule-1 
S-1 over range 

200-700 K 

Reliability 
.t1log k = ± 0.7 over range 200-700 K 

Comments on Preferred Values 
The most recent studyl is in reasonable agreement with 
the similar earlier study by Butler et aI.2 and is adopted 
as our recommendation but with wide error limits. 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. A26, 1768 (1971). 
21. E. Butler, 1. W. Fleming, L. P. Goss, and M. C. Lin, Chem. Phys.56, 

355 (1981). 
3M. R. Berman, 1. W. Fleming, A. B. Harvey, and M. C. Lin, Chem. 

Phys. 73, 27 (1982) . 

Rate Coefficient Data 

T[K] Reference Comments 

Rote Coefficient Measurements 
1.2,10-10 

2.1,10- 10 

2.2'10- 10 exp( + 173fT) 

298 
298 

160-652 

Bosnali and Perner (1971)1 
Butler et al. (1981)2 
Berman el al. (1982)3 

(a) 
(b) 
(c) 

Comments 

(a) Pulse radiolysis of 15 Torr ClL; [OH] by absorption 
at 314.4 nm. 

(b) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. 

(c) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total pres
sure 100 Torr Ar. Discrepancies with Butler's results4 

probably due to photolysis of reactants (C2lL, C2H2) at 
193 nm. Suggest an addition mechanism of CH to the 
C-C double or triple bond leading to a three-mem
bered ring followed by rapid ring opening. 

Preferred Values 

k = 2.2-10- 10 exp( + 173fT) cm3 molecule- 1 S-1 over 
range 200-700 K 

Reliability 
.t1log k = ± 0.7 over range 200-700 K 

Comments on Preferred Values 
The preferred values are based on the two most recent 

studies2
,3 which are in reasonable agreement but wide er

ror limits are suggested. 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. Al6, 1768 (1971). 
21. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, Chern. Phys. 56, 

355 (1981). 
3M. R. Berman, J. W. Fleming, A. B. Harvey, and M. C. Lin. Chem. 

Phys. 73, 27 (1982). 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.0010- 10 

1.8.10-10 exp( + 132/T) 
298 

162-650 
Butler el al. (1981)1 
Berman and Lin (1983)2 

(a) 
(b) 

Comments 

(a) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. 

(b) Multiphoton dissociation of CHHr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. k( CH + C3lIs) estimated, 
based on the observed linear dependence of k on the 
number of C-H bonds. 

Preferred Values 

k 1.8.10-10 exp( + 132fT) cm3 molecule- 1 S-1 over 
range 200-700 K 

Reliability 
~log k = ± lover range 200-700 K 

Comments on Preferred Values 
The available data are in reasonable agreement but un

til they are confirmed wide error limits are suggested. 

References 

IJ. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, Chern. Phys. 56, 
355 (1981). 

2M. R. Berman and M. C. Lin, Chern. Phys. 82, 435 (1983). 

CH + C3Ha --+ Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.4'10- 10 

3.7'10- 10 
298 
298 

298-689 

Bosnali and Perner (1971)1 
Berman and Lin (1983)2 

(a) 
(b) 
(c) 1.9'10- 10 exp( + 240IT) Zabarnick, Fleming, and Lin (1987}' 

Comments 

(a) Pulse radiolysis of 15 Torr CH4; [OH] by absorption 
at 314.4 nm. 

(b) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. k(CH + C3Hs) estimated, 
based on the observed linear dependence of k on the 
number of C-H bonds. 

(c) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 20-300 Torr Ar. Rates independent of total 
pressure. 

Preferred Values 

k 1.9.10-10 exp( + 240fT) cm3 molecule- 1 S-1 over 
range 300-700 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reltabtliry 
~log k = ± 0.7 over range 300-700 K 

Comments on Preferred Values 
The preferred values are based on the two most recent 

studies2
•
3 which are in good agreement but wide error lim

its are suggested. 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. A26, 1768 (1971). 
2M. R. Berman and M. C. Lin, Chern. Phys. 82, 435 (1983). 
3S. Zabarnick, J. W. Fleming, and M. C. Lin, Chern. Phys. 112, 409 

(1987). 



Rate Coefficient Measurements 
1.3.10-10 

5.8,10- 10 

4.4.10- 10 exp( + 28/T) 

EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

CH + n-C4H10 ~ Products 

T[K] 

298 
298 

257-653 

Rate Coefficient Data 

Reference 

Bosnali and Perner (1971)1 
Butler et al. (1981)2 
Berman and Lin (1983)3 

Comments Reliability 

(a) Pulse radiolysis of 15 Torr C~; [OH] by absorption 
at 314.4 nm. 

alog k = ± 0.7 over range 250-700 K 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

637 

(b) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. 

(c) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nrn. Total 
pressure 100 Torr Ar. k(CH + C3Hs) estimated, 
based on the observed linear dependence of k on the 
number of C-H bonds. 

The preferred values are based on the two most recent 
studies2

,3 which are in reasonable agreement but wide er
ror limits are suggested. 

Preferred Values 

k = 4.4.10-10 exp( + 28/T) cm3 molecule- 1 S-1 over range 
250-700 K 

References 

1M. W. Bosnali and D. Perner, Z. Naturforsch. A26, 1768 (1971). 
2J. E. Butler, J. W. Fleming, L. P. Goss, and M. C. Lin, Chem. Phys. 56, 

355 (1981). 
3M. R. Berman and M. C. Lin, Chern. Phys. 82, 435 (1983). 

CH + i-C4H10 ~ Products 

Rate Coefficient Data 

T[K] Reference Commen.ts 

Rate Coefficient Measurements 
2'(HO- 10 exp( + 240IT) 298-689 Zabarnick. Fleming, and Lin (1988) I (a) 

Comments 

(a) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 20-300 Torr Ar. Rates independent of total 
pressure. 

Preferred Values 

k = 2.0,10- 10 exp( + 240fT) cm3 molecule -1 s -1 over 
range 300-700 K 

Reliability 
alog k = ± 1 over range 300-700 K 

Comments on Preferred Values 
The only available experimental measurement is 

adopted but with wide error limits. 

Reference 

IS. Zabarnick, J. W. Fleming, and M. C. Lin, Chem.Phys. 112, 409 
(1987). 

J. Phys. Che?" Ref. Data, Vol. 21, No.3, 1992 
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Rate Coefficient Measurements 
1.6-10-10 exp( + 340IT) 

Comments 

BAULCH ET AL. 

CH + neo-C5H12 --. Products 

Rate Coefficient Data 

T[K] Reference 

298-689 Zabarnick. Fleming. and Lin (1988) 1 

Reliability 
Alog k = ± lover range 300-700 K 

Comments on Preferred Values 

Comments 

(a) 

(a) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 20-300 Torr Ar. Rates independent of total 
pressure. 

The only available experimental measurement is 
adopted but with wide error limits. 

Preferred Values 

k = 1.6-10-10 exp( + 340fT) em3 mo)eeu)e-1 S-l oveT 

range 300-700 K 

References 

1S. Zabarnick, J. W. Fleming, and M. C. Lin, Chem. Phys. IU, 409 
(1987). 

CH + CH3C2H --. Products 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
4.6-10- 10 298 Butler el al. (1981)1 (a) 

Comments 

(a) Multiphoton dissociation of CHBr3 at 193 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 100 Torr Ar. 

Preferred Values 

No recommendation. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

References 

1J. E. Butler, J. W. Fleming, L P. Goss, and M. C. Lin, Chem. Pbys. 56, 
355 (1981). 
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Rate Coefficient Measurements 
1.6 •. 10-10 exp( + 260IT) 

Comments 

T[K] 

297-670 

CH + CH20 ~ Products 

Rate Coefficient Data 

Reference 

Zabarnick, Fleming, and Lin (1988) 1 

Reliability 
Alog k = ± lover range 300-700 K 

Comments on Pre/erred Values 

639 

Comments 

(a) 

(a) Multiphoton dissociation of CHBr3 at 266 nm; [CH] 
by laser induced fluorescence at 429.8 nm. Total 
pressure 20-300 Torr Ar. Rates independent of total 
pressure. 

The only available experimental measurement is 
adopted but with wide error limits. 

Preferred Values References 

k 1.6'10- 10 exp( + 260fT) em] mult:eule- 1 ~-1 uver 
range 300-700 K 

IS. Zabarnick, J. W. Fleming, and M. C. Lin, 21st Symp. (Int.) Com
bust., 713 (1988). 

3CH2 + O2 ~ H + CO + OH (1) 

Thennodynamic Data 
~98 (1) = -241 kJ mol- 1 

.:1S"29K (1) = 95.2 J K- 1mol-1 

Kp(I) = 1.15·1()3 T'74 exp( + 29000IT)atm 

~98 (3) = -739 kJ mol- 1 

M"29K (3) = -14.3 JK- 1mol- 1 

Kp(3) = 4.14 T-0456 exp( + 88800IT) 

~9K (5) = -345.kJ mol- 1 

M~K (5) = 42.4 J K- 1mol- 1 

.Kp(5) = 4.87'10-4 T 192 exp( + 42000IT)atm 

~ H2 + C02 (2) 
~ CO + H20 (3) 
~ CH20 + 0 (4) 
~ CO2 + 2 H (5) 

~9K (2) = -781 kJ mol- I 

~9K (2) = -56.2 J K-Imol- I 

Kp(2) = 1.55.10-5 T0637 exp( + 94100IT) 

~9K (4) = -254 kJ mol-1 

~9K (4) = -21.0 J K-lmol-1 

Kp(4) = 4.66,10- 3 T034 exp( +30800IT) 

Rate Coefficient Data {k = k1 + k2 + k3 + k4 + ks} 

k[cm3 molecuIe- 1 S-I] 

Rate Coefficient Measurements 
1.5.10- 12 

1.2.10-12 

1.7.10- 12 

2.2·10 -11 exp( - 7501T) 
k5 = 6.7·1O-11 exp( -llOOIT) 
3.3.10-12 

Reviews and Evaluations 
1.4.10- 12 

T[K] 

298 
298 
298 

290-600 
1100-1300 

298 

298 

Reference 

Laufer and Bass (1974)1 
Pilling and Robertson (1977)2 
Vinckier and Debruyn (1978)3 
Vinckier and Debruyn (1979)4 
Warnatz (1981)5 
Bohland et al. (1984)6 

Tsang and Hampson (1986)7 

Comments 

(a) 
(a) 
(b) 
(b) 
(c) 
(d) 

(e) 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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Comments 

(a) Flash photolysis of ketene in helium1 and argon:!. 
Products analysed by GC and simulated by numerical 
integration. Rate coefficient determined primarily 
relative to that for 3CH2 + 3CH2 which was taken as 
5.3,10- 11 cm3 molecule- 1 S-I. 

(b) Discharge flow study of 0 + C2H2 with molecular 
beam sampling and mass spectrometric analysis. 
Rate coefficient obtained from the effect of [02] on 
the steady-state [CH2] signal. . 

(c) Modelling acetylene/02 laminar flames. Channel and 
rate coefficient correctly predict the mole fractions 
and temperature profiles in lean flames. 

(d) Discharge flow with LMR detection of 3CH2; the 
methylene was generated either from discharging 
ketene or from 0 + CH2CO. 

(e) Based on an earlier evaluation by Laufe£'! which re
lied on the data from Refs. 1 and 2. 

Preferred Values 

k 4.1-10-11 exp( -750/T) cm3 molecule- t S-1 over 
range 300-1000 K 

" 
Reliability 

alog k = ± 0.5 at 1000 K reducing to ± 0.3 at 300 K 

Comments on Preje"ed Values 
The more directly determined rate coefficient of BOh

land et al.6 has been adopted, together with the tempera
ture dependence of Vinckier and Debruyn4. Tsang and 
Hampson7 give kllk3 = 2.5, based on the measurement by 
Shaub et al.9 of the vibrational distribution in the product 
CO, following flash photolysis of CH212 + 02. Rowland 
et al. IO

, in a tracer e4C) study of the steady-state photoly
sis and the photosensitized decomposition of ketene, 
showed that the relative yields of CO and C02 are about 
the same at 298 K, i.e. (k2 + ks)/(k. + k3) == 1.0. Evidence 
for channels (1) and/or (5) was provided by the formation 
of hot T atoms in studies of 3CHT. 

References 

lAo H. Laufer and A. M. Bass, J. Phys. Chern. 78,1344 (1974). 
2M. J. Pilling and J. A. Robertson, J. Chern. Soc. Faraday Trans. 1,73, 

968 (1977). 
le. Vinckier and W. Dehruyn, 17th Symp. (Tnt.) C'.nmhllst., li2.~ (lQ7R)_ 
4C. Vinckier and W. Debruyn, J. Phys. Chern. 83,2057 (1979). 
5J. Warnatz, 18th Symp. (Int.) Combust., 369 (1981). 
11'. BOhland, F. Temps, and H. Gg. Wagner, Ber. Bunsenges. Phys. 

Chern. 88. 1222 (1984). 
'W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data, 15, 1087 

(1986). 
sA. H. Laufer, Rev. Chern. Intermed. 4, 225 (1981). 
"W. M. Shaub, D. S. Y. Hsu, T. L. Birks, and M. C. Lin, 18th Symp. 

(Int.) Combust., 811 (1981). 
lOp. S. Rowland, P. S. -T. Lee, D. C. Montague, and R. L. Russell, Fara

day Disc. Chern. Soc. 53, 111 (1972). 

3CH2 + 3CH2 ~ C2H2 + H2 (1) 

Themwdynamic Data 
lllfi'J8 (1) ;;;; -S47.2 kJ mol 1 

~S (1) = -59.5 J K-1mol- 1 

~(1) = 1.66.10-7 Tl.24exp( + 66240IT) 

MI£'J8(3) = -269.7 kJ mol- 1 

AS29I1(3) = -44.8 J K-1mol- 1 

Kp(3) = 2.15,10-6 Tl·02exp( + 330l01T) 

Rate Coefficient Measurements 
5.3,10- 11 

k'2ik ~ 0.9 
k2 :; 1.7'10-10 

Reviews and Evaluations 
5.3'10- 11 

T[K] 

298 
298 

2000-2800 

298 

J. Phys. Chern. Ref. Data, Vol. 21, No.3, 1992 

~ C2H2 + 2H (2) 
~ C2H3 + H (3) 

1l.fr2911 (2) -111.3 kJ mol- 1 

aso2911 (2) 39.2 J K-1mol-1 

Kp(2) = 5.22,10-6 T2S2exp( + 14130IT)atm 

Rate Coefficient Data 

Reference 

Braun el al. (1970)1 
Becerra et al. (1987)2 
Frank, Bhaskaran, and Just (1987)3 

Laufer (1981)4 

Comments 

(a) 
(b) 
(e) 

(d) 
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Comments 

(a) VUV flash photolysis of ketene, time-dependence of 
3CHz and of CzHz monitored by absorption spec
troscopy. 

(b) Reanalysis of earlier work based on excimer laser 
flash photolysis of ketene (308 nm). Source of molec
ular hydrogen now identified as 3CHz + H, leaving 
atomic products as the more likely for 3CHz + 3CH1• 

Their analysis allowed up to 10% of the reaction to 
occur via channel (1). 

(c) Absorption spectroscopy study of H and CO in ther
mal decomposition of dilute ketene mixtures in argon 
behind reflected shock waves. 

(d) Evaluation based on Ref. 1. 

Preferred Values 

k = 2.0'10- 10 exp( - 400fT) cm3 molecule -1 s -lover 
range 300-3000 K 

kuk = 0.9 over range 300-3000 K 

Thermodynamic Data 
tJ:f298 = - 262 kJ rnol- 1 

45398 = -55.7 J K-1rnol- 1 

Kp =2.36'10- 7 Tl14 exp( + 32200IT) 

Reliability 
Alogk = ± 0.5 
Aklfk = ± 0.1 

Comments on Preferred Values 
After a period of uncertainty, it now seems clear that 

channel (2) predominates. The reaction probably pro
ceeds via C2Hi + H, with, Becerra et al. argue, C2H; de
composing too quickly for collisional stabilization at 
normal pressures. 

References 

tw. Brau~> A. M. Sa,,-... and M. 1. Pilling, J Ch~m. Phys. S2, 5131 (1970). 
2R. Becerra, C. E. Canosa·Mas, H. M. Frey, and R. Walsh, J. Chern. 

Soc. Faraday Trans. 2, 83, 435 (1987). 
3p. Frank, K. A. Bhaskaran, and Th. Just, J. Phys. Chern. 90, 2226 

(1986). 
4A. H. Laufer, Rev. Chern. Intermed. 4, 225 (1981). 

Rate Coefficient Data 

k[cm3 rnolecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
5'10- 11 298 Pilling and Robertson (1975)1 (a) 
1.0-10-10 298 Laufer and Bass (1975)2 (b) 
3'10- 11 1800-2700 Olson and Gardiner (1978)3 (c) 
3.10- 11 1700-2200 Bhaskaran, Frank, and Just (1979t (d) 
(7-10)'10- 11 132(}"2300 Frank and Braun-Unkhoff (1987)5 (e) 

Reviews and Evaluations 
7.10- 11 298 Laufer (1981)6 (f) 
7.10- 11 300-2500 Warnatz {1984? (g) 

Comments 

(a) Flash' photolysis of mixtures of ketene and 
azomethane, end product analysis by GC. Products 
simulated by numerical integration. Rate coefficient 
sensitive to value chosen for CH3 + CH3 (4.2,10- 11 

cm3 molecule -I s -1). 
(b) Flash photolysis of mixtures of ketene and 

azomethane, end product analysis by GC. Products 
simulated by numerical integration. Rate coefficient 
sensitive to value chosen for CH3 + CH3 (9.S·10- u 

cm3 molecule- I S-I). 

(c) IR absorption study of fuel rich CHJOzl Ar mixtures 
behind incident shock waves. Product yields by nu
merical integration. 

(d) Atomic resonance absorption study of H in reflected 
shock waves. 

( e) Atomic resonance absorption study of H in reflected 
shock waves using a range of CH3 precursors 
(CH3NzCH3, CH3I, CZH6) to obtain data over a wide 
range of temperatures. 

(f) Evaluation based on a reanalysis of Refs. 1 and 2. 
(g) Evaluation based on both low and high temperature 

data (Refs. 1-4). 

Preferred Values 

k = 7.0,10- 11 cm3 molecule- 1 S-1 over range 300-3000 K 

J. Phya. Chem. Ref. Data, Yol. 21, No.3, 1992 
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Reliability 
Alog k = ± 0.3 at 300 K rising to ± 0.5 at 3000 K 

Comments on Preferred Values 
The rate data of Refs. 1 and 2 need correction for the 

methyl recombination rate coefficients used in the simu
lations. Taking k(CH3 + CH3) = 6.10-11 cm3 molecule-1 

s -I (Ref. 8) at 298 K at the pressures employed, increases 
the rate coefficient in Ref. 1 to 6-10- 11 cm3 molecule- I S-I 

and decreases that in Ref. 2 to 8-10- 11 cm3 molecule- 1 

S-I. 

The reaction presumably proceeds via an ethyl radical 
adduct. A significant temperature dependence is not, 
therefore, expected and is confirmed by the res1:llts of 
Refs. 3-5. 

References 

1M. J. Pilling and J. A. Robertson, Chern. Phys. Lett. 33, 336 (1975). 
2A. H. Laufer and A. M. Bass, J. Phys. Chern. 79, 1635 (1975). 
3D. B. Olson and W. C. Gardiner, Comb. Flame 32,151 (1978). 
4K. A. Bhaskaran, P. Frank, and Th. Just, 12th Shock Tube Symposium, 

Jerusalem (1979). 
sp. Frank and M. Braun-Unkhoff, 16th Symposium on Shock Waves, 

Aachen (1987). 
6A. H. Laufer, Rev. Chern. Intermed. 4, 225 (1981). 
'J. Wamatz, in "Combustion ChemistI)''', ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
81. R. Slagle. D. Gutman, J. W. Davies, and M. J. Pilling, J. Phys. Chern. 

92, 2455 (1988). 

3CH2 + C2H2 ~ CH2CCH2 (1) 

Thennodynamic Data 
Ml"298 (1) = -424 kJ mol- 1 

AS298 (1) = -167 J K- 1mol- 1 

~ CH3CCH (2) 

tJ-rz98 (2) = - 430 kJ mol- 1 

~i9ll (2) = -IS'} J K- 1mol- 1 

Kp(I) = 9.37'10- 11 'J'fl.285 exp( + 51500IT) atm- I Kp(2) = 1.27·1O-u TO.l89 exp( + 520801T) atm-1 

Rate Coefficient Measurements 
7.5,10- 12 

4.0-10- 12 

1.3'10-12 

3.1,10- 12 

<10- 15 

<2.6-10- 15 

2.0-10- 11exp( - 33301T) 

Comments 

Rate Coefficient Data (k = k1 + k2) 

T[K] 

298 
298 
295 
298 
298 
298 
296-700 

Reference 

Laufer and Bass (1974)1 
Pilling and Robertson (1977)2 
Vinckier and Debruyn (1979)3 
Homann and Schweinfurth (1981)4 
Canosa-Mas, Frey, and Walsh (1984)5 
Canosa-Mas, Frey, and Walsh (1985)6 
BOhland, Temps, and Wagner (1986)' 

Preferred Values 

Comments 

(a) 
(a) 
(b) 
(c) 
(d) 
(d) 
(e) 

(a) Flash photolysis of ketene, end product analysis by 
GC. Rate related to production of allene and 
propyne in presence of inert gas. 

k 2.0-10- 11 exp( -3330/T) em] molecule-I S-1 over 
range 300-1000 K 

(b) Fast flow reactor study of 0 + C2H2• Products and 
intermediates detected by molecular beam sampling 
and mass spectrometry. Reaction attributed to pro
duction of C3H3 + H. 

(c) Discharge flow study of 0 + C2H2. C3l-14 detected by 
mass spectrometry. Reaction attributed to formation 
of C3H3 + Hand C3H2 + H2• Pressure = 1-6 Torr. 

(d) Laser flash photolysis of ketene (308 nm) in presence 
of Ar and C2H2. Products detected by GC. High rate 
coefficients in Refs. 1 and 2 attributed to failure to 
account properly for reactions of lCH2• Suggest rate 
is probably less than 2.6-10-16 cm] molecule- 1 S-I. 

e} Flow tube study, 3CH2 generated fron discharge or 
laser flash photolysis of CH2CO (308 nm). 3CH2 de
tected by LMR. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reliability 
LUogk = ± 0.3 

Comments on Preferred Values 
The recent careful work of Canosa-Mas et al.s.6 has re

vealed the deficiencies in the mechanistic interpretations 
of Refs. 1-4. Canosa-Mas et al. employed a full reaction 
scheme using predominantly available literature data. 
The observed yields of C3I-L were fully explained by the 
reactions of lCH2 with C2H2. Their conclusions have re
cently been fully endorsed by the direct measurements of 
Bohland etaZ.'. 
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References 

1 A H. Laufer and A M. Bass, J. Phys. Chern. 78, 1344 (1974). 
2M. J. Pilling and J. A. Robertson. J. Chern. Soc. Faraday Trans. I, 13, 

968 (1977). 
3C. VlnckIer and W. Debruyn, 17th Syrnp. (Int.) Cumbu:st., 623 (1979). 
4K. H. Homann and H. Schweinfurth, Ber. Bunsenges. Phys. Chern. 85, 

569 (1981). 

Sc. E. Canosa-Mas, H. M. Frey, and R. Walsh, J. Chern. Soc. Faraday 
Trans. 2, 80, 561 (1984). 

fiCo E. Canosa-Mas, H. M. Frey, and R. Walsh, J. Chern. Soc. Faraday 
Trans. 2, 81, 283 (1985). 

'T. BOhland, F. Temps, and H. Og. Wagner, 21st Symp. (Int.) Combust., 
841 (1986). 

3CH2 + C2H4 ~ C3H6 (1) 
~ c-C3H6 (2) 
~ C3Hs + H (3) 

Thermodynamic Data 
AH'i9lS (1) .,... -419 kJ mol-1 

~298 (1) :;;:: -157 J K-1mol- 1 
4.Hi'Tll (3) - -87.3 kI moI-l 
M1!18 (3) :;:: -42.9 J K-lmol-l 

.Kp(1) = 5.68,10-11 T".562 exp( +50900/T) atm- 1 Kp(3) = 3.03,10-9 T20!! exp( + 11300/T) 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] Reference Comments 

Rate Coefficient Measurements 
:!6 3-10- 14 298 

298 
296-728 

Laufer and Bass (1975)1 (a) 
(b) 
(c) 

< 5.10- 16 

5.3.10- 12 exp( -2660IT) 
Canosa-Mas, Frey, and Walsh (1985)2 
Bohland, Temps, and Wagner (1986)3 

Comments 

(a) Flash photolysis of ketene + Cili4 + 700 Torr He. 
End product analysis by GC. Rate measured relative 
to .:lCH2 + .:lCH2. 

(b) Excimer laser flash photolysis (308 nm) of ketene + 
C2IL + 400 Torr AI. End product analysis by GC. 
Product yields simulated by numerical integration. 

(c) Discharge flow, 3CH2 monitored by LMR and gener
ated from 0 + CH2CO and by laser flash photolysis 
(308 nm) of CH2CO. Correction made for reaction 
proceeding via activation to singlet. 

Preferred Values 

k = 5.3.10- 12 exp( -2660/T) em3 moleeule-1 S-1 over 
range 300-1000 K 

Reliability 
~log k = ± 0.3 at 1000 K reducing to ± 0.2 at 300-

700K 

Comments on Pre/erred Values 
The rate coefficients were measured over the pressure 

range 0.4-5.7 Torr and were found to be independent of 
pressure3

• RRKM calculations demonstrate that the most 
likely fate of the energised triplet adduct, under these 
conditions, is decomposition to generate H + C3Hs. At 
higher pressures propene is formed and cyclopropane is 
the;; major produ~l in the high pressure limit. Propene is 
the major product for reaction in excess C2IL in the range 
10-175 Torr and cyclopropane predominates at higher 
pressures4

, although the yields of propene and cyclo
propane will decrease with increasing temperature. 

References 

lAo H. Laufer and A. M. Bass, J. Phys. Chern. 79, 1635 (1975). 
2C. E. Canoso Mas, H. M. Frey, nnd R. Walsh, J. Chcm. Soc. Faraday 

Trans. 2, 81, 283 (1985). 
IT. BOhland, F. Temps, and H. Og. Wagner, Ber. Bunsenges. Phys. 

Chern. 90, 468 (1986). 
4P. S. Rowland, P. S. -T. Lee, D. C. Montague, and R. L. Russell, Disc. 

Faraday Soc. 53, 111 (1972). 
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Thermodynamic Data 
Mr298 = -37.7 kJ mo)-1 (see comment (a)l) 
~298 = 6.8 J K-lmol-l 
Kp = 2.17 TO.OI6 exp( + 4520/T) 

Rate Coefficient Data (Preferred Values) 

[M] k[cm3molecule-1 S-1] 

Ar 6.0010- 12 

N2 1.0010- 11 

CH. 1.2'10-11 

C2H2 8.0-10-11 

C2~ 2.3'10- 11 

C21i6 3.6-10- 11 

Comments 

(a) Based on an analysis of spectroscopic data from a va
riety of sources [including LMR and diode laser spec
troscopy of CH2( X 3B1)], and photoelectron 
spectroscopy of CHi (X 2Bt). The value for t:JH98 is 
calculat~d from the quoted value for !:JIG given in 
Ref. ~, using recent spectroscopic and theoretical 
data to calculate !lCp (T). 

(b) Room temperature laser pump and probe experi
ments, using IRMPD of acetic anhydride to generate 
1CH2 and LIF to detect it. Total removal rate (reac
tion + deactivation) measured. 

(c) Room temperature excimer laser flash photolysis of 
ketene (308 nm) and time-resolved cw dye laser ab
sorption spectroscopy of 1CH2• Total removal rate 
(reaction + deactivation) measured. 

(d) Room temperature LMR measurements of the frac
tional yield of 3CHz following photolysis of ketene at 
308 nm. The quantum yield, ~, for the production of 
3CH2 in the photolysis was assumed zero. The abso
lute deactivation rate coefficients were calculated 
from the fractional yield and the rate coefficients for 
total removal from refs. 2 and 3. Since ~was assumed 
zero, these rate coefficients represent upper limits. 

(e) Room temperature laser flash photolysis of ketene at 
308 nm. 1CHz detected by LIF. Production of 3CHz 
detected by LMR. 

T[K] 

298 
298 
298 
298 
298 
298 

Reliability 

Comments 

(b)2, (C)3 
(b)2, (C)3 
(b)2, (C)3, (dt 
(e)5 
(C)3, (d)4 
(C)3, (d)" 

!lIog k = ± 0.3 for Ar and Nz over range 300-2000 K 
!lIog k = ± 0.4 for hydrocarbons over range 300-

2000K 

Comments on Preferred Values 
There is excellent agreement between the overall re

moval rate coefficients reported in Refs. 2 and 3. For Ar 
and N2 at room temperatures, these represent exclusively 
the deactivation channel, although reactive channels 
probably become available for N2 at higher temperatures 
and association at higher pressures. The deactivation 
channel efficiencies, required to determine k for the hy
drocarbons, are less precisely known. The rate coeffi
cients may be assumed temperature independent, 
although a slight decrease with increasing temperatures 
may occur. 

References 

IP. R. Bunker, P. Jensen, W. P. Kraemer, and R. Beardsworth, J. Chem. 
Phys. 85, 3724 (1986). 

2M. N. R. Ashfold, M. A. Fullerton, G. Hancock, and G. W. Ketley, 
Chern. Phys. 55,245 (1981). 

lA. O. Langford, H. Petek, and C. B. Moore, J. Chem. Phys. 78, 6650 
(1983). 

"T. Bohland, F. Temps, and H. Gg. Wagner, Ber. Bunsenges. Phys. 
Chern. 89, 1013 (19&5). 

5W. Hack, M. Koch, and H. Gg. Wagner, Ber. Bunsenges. Phys. Chem. 
92,674 (1988). 
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1CH2 + O2 ~ H + CO + OH (1) 
~ H2 + CO2 (2) 
~ CO + H20 (3) 
~ 3CH2 + O2 (4) 

Thermodynamic Data 
AH'298 (1) = -278 kJ mol- 1 

AS~98 (1) = 102 J K-lmol-l 
AFfi98 (2) = - 818 kJ mol- 1 

J.\Sigs (2) = -49.4 J K- 1mol- 1 

K,,(I) = 2.49·1()l TO.7S7 exp( + 33500IT)atm K,,(2) = 3.37.10-5 T°ftS3 exp( + 98600IT) 

AFfi98 (3) = -777 kJ mol- 1 AH'298 (4) = -37.7 kJ mol- 1 

.L1S~8 (3) = -7.49 J K-1mol- 1 ~II (4) -= 6.8 J K-1mol- 1 

Kp(3) = 8.96 T-0 44 exp( + 93300IT) Kp(4} = 2.17 T0 016 exp( + 45201T) 

Rate Coefficient Data (k = kl + k2 + k3 + k 4) 

Reference Comments 

Rate Coefficient Measurements 
3.0-10- 11 298 

298 
Ashfold et ala (1981)1 (a) 

(b) 7.4'10 11 Langtord, Petek, and Moore (1983t 

Reviews and Evaluations 
<3.0-10- 10 298 

298 
Laufer (1981)3 (c) 

(d, 5.2'10- 11 Tsang and Hampson (1986t 

Comments 

(a) Pump and probe experiments, with lCHz produced by 
IRMPD of acetic anhydride and detected by LIF. 
Measured total rate of removal of tCHz• 

(b) Excimer laser flash photolysis of ketene at 308 nm 
and time-resolved dye laser absorption spectroscopy 
of ICHz• Measured total rate of removal of lCHz• 

(c) Based on flash photolysis - gas chromatography 
study of ketenes• Rate coefficient determined relative 
to a value of 3.4.10-13 cm3 molecule- 1 S-1 for deacti
vation of lCH2 by He. More recent measurements 
give the latter as 3.3·10- 1Z cm3 molecule- 1 S-l1,Z, re
quiring a tenfold increase in the upper estimate for 
lCHz + Oz to ::::: 3'10- 10 cm3 molecule- 1 s 1 

(d) Based on Refs. 1 and 2. 

Preferred Values 

k = 5.2.10-11 cm3 molecule- 1 S-1 over range 300-1000 K 

Reliability 
Alog k = ± 0.5 at 1000 K reducing to ± 0.3 at 300 K 

Comments on Pre/erred Values 
The agreement between the measured values of rate 

coefficients in Refs. 1 and 2 was significantly worse for 

this reaction than for any others. It was suggested that 
there may be a precursor dependence, which might be 
connected with a vibrational energy dependence of the 
reaction and incomplete vibrational relaxation before re
action. The rate coefficient refers to total removal, but 
Ashfold et al. l argue that k is three times greater than the 
value expected for deactivation and that a chemical 
mechanism predominates. In 14CH2CO tracer studies, 
Rowland et al.6 found similar relative product yields for 
both lCHz and 3CH2 + O2• They suggested that this might 
indicate that the main mechanism of reaction of lCH2 

with O2 is deactivation to 3CH3, in contrast with the con
clusions of Ashfold et al. I

• 

References 

1M. N. R. Ashfold. M. A. Fullerton, Gc Hancock, and G. W. Kettley, 
Chem. Phys. 55, 245 (1981). 

lA. O. Langford, H. Petek, and C. B. Moore, J. Chern. Phys. 78, 6650 
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3A. H. Laufer. Rev. Chern. Intermed. 4, 22'\ (lQ81). 
4W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 

(1986). 
sA. H. Laufer and A. M. Bass, J. Phys. Chem. 78, 1344 (1974). 
6F. S. Rowland, P. S.·T. Lee, D. C. Montague, and R. L. Russell, Disc. 

Faraday Soc. 53, 111 (1972). 
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Thennodynamic Data 
4H'298 = -61.0 kJ mol-1 

4,S0298 = -10.7 J K-1mol-1 

Kp =4.22.10-2 ']'0.51 exp( + 7MOIT) 

Rate Coefficient Measurements 
1.3'10-10 

1.05.10-10 

Reviews and Evaluations 
1.2'10-10 

Comments 

T[K] 

298 
298 

298 

BAULCH ET AL. 

1CH2 + H2 -+ CH3 + H 

Rate Coefficient Data 

Reference 

Ashfold etal. (1981)1 
Langford, Petek, and Moore (1983)2 

Tsang and Hampson (1986)3 

Comments 

(a) 
(b) 

(e) 

(a) Pump and probe experiments, with tCH2 produced by 
IRMPD of acetic anhydride and detected by LIF. 
Measure total rate of removal of lCH2. 

vation to 3CH1. Ashfold et al.1 argue against such a contri
bution from a comparison of the magnitude of the rate 
coefficient with those for deactivation of lCHz to 3CH2 by 
inert gases. In addition, Braun et al.4 detected the CH3 
product and demonstrated that more than 80% of the 
overall lCHl removal led to methyl radical production. 

(b) Excimer laser flash photolysis of ketene at 308 nm 
and time-resolved dye laser absorption spectroscopy 
of lCH2. Measure total rate of removal of lCH2. 

(c) Based on Refs. 1 and 2. 

Preferred Values 
References 

k = 1.2-10-10 cm3 molecule-1 S-1 over range 300-1000 K 
1M. N. R. Ashfold, M. A. Fullerton, G. Hancock, and G. W. Ketley, 
Chern. Phys. 55, 245 (1981). 

Reliability 

2A. O. Langford, H. Petek, and C. B. Moore, J. Chem. Phys. 78, 6650 
(1983). 

.610g k = ± 0.3 at 1000 K reducing to ± 0.1 at 300 K 
3W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 

"w. Braun, A. M. Bass, and M. 1. Pilling, J. Chem. Phys. 5%,5131 (1970). 

Comments on Preferred Values 
Both measurements refer to the total rate of removal 

of lCH2 and could include a contribution from the deacti-

1CH2 + C2H2 -+ CH2CCH2 (1) 

Thennodynamic Data 
Mr298 (1) = -462 kJ mol- 1 

A~"96 (1) = -160 J K-1mol-1 

Kp(l) = 2.03-10-10 -ro.3 exp( + 56020/T) atm- l 

4H'298 (3) = -113 kJ mol-1 

A,SOm (3) = -24.4 J K-lmol-l 
Kp(3) = 4.7&10-S T101 exp( + 14020/T) 

-+ CH3CCH (2) 
-+ C3H3 + H (3) 
-+ 3CH:a + C:aH:a (4) 

4H298 (2) = -467 kJ mol-1 

AS~"96 (2) ::: - 1 R~ J 1{ -lmol-1 

KP(2) = 2.75,10-11 To.z1 exp( + 56600IT) atm- 1 

4H'298 (4) = -37.7 kJ mol- l 

4,SOm (4) = 6.8 J K-1mol- 1 

Kp(4) = 2.17 ro·Ol6 exp( +4S20IT) 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

Rate Coefficient Measurements 
2.1-10- 10 

3.7'10- 10 

k4/k = 0.22 

T[K.] 

295 
298 

J. Phys. Chem. Ret. Data, Vol. 21, No.3, 1992 

Reference 

Canosa-Mas, Frey, and Walsh (1983)1.2 
Hack el al. (1988)3 

Comments 

(a) 
(b) 
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Comments 

(a) Excimer laser flash photolysis of ketene (308 nm) in 
the presence of Ar and C2H2• Products detected by 
GC. Pressure = 400 Torr. Product distribution simu
lated by numerical integration. Partial decomposition 
of the adduct occurred at the pressure employed. An 
RRKM calculation2 gives a decomposition rate for 
C3H: of 4.5,108 s-I, and an effective stabilization rate 
constant in argon of 2.1-10- 11 cm3 molecule- 1 

S-I. 

The complexity of the system suggests a greater un
certainty than the ± 25% proposed by the authors. 
The relative rates of reactions (1) and (2) are given 
as 1:1.6. 

(b) Laser flash photolysis of ketene (308 nrn), lCHz de
tected by LIF. Production of 3CH2 (channel (4» de
tected by LMR. 

Preferred Values 

k = 3.7-10-10 cm3 molecule- 1 
S-1 over range 300-1000 K 

kJk = 0.22 

Reliability 
~log k ± 0.7 at 1000 K reducing to ± 0.3 at 300 K 
M4/ k = ± 0.1 

Comments on Preferred Values 
The direct measurement of Hack et al.3 has been pre

ferred, the complexity of the system employed by Canosa
Mas et al.1

,2 makes their value less reliable, although their 
measurements help to confirm the overall rate coeffi
cient, which is unlikely to show a strong temperature de
pendence. A general discussion of the lCHl ~ 3CHl 

deactivation may be found on p644. k2 may decrease 
slightly with temperature. 

References 

Ie. E. Canosa-Mas, H. M. Frey, and R. Walsh, J. Chern. Soc. Faraday 
Trans. 2, 81, 283 (1983). 

lC. E. Canosa-Mas, M. Ellis, H. M. Frey, and R. Walsh, Int. J. Chern. 
Kin. 16, 1103 (1984). 

3W. Hack, M. Koch, H. Gg. Wagner, and A. Wilms, Ber. Bunsenges. 
Phys. Chern. 9:Z, 674 (1988). 

1CH2 + C2H4 ~ C3H6 (1) 
~ 3CH2 + C2H4 (2) 

Thermodynamic Data 
M/29!l (1) = -457 kJ mol- 1 

AS29!l (1) = -150 J K-1mol- 1 
M/29!l (2) = -37.7 kJ rnol- 1 

AS29!l (2) = 6.8 J K- 1mol- 1 

Kp(l) = 25.7 T0 578 exp( + 55400/T) atm- 1 Kp (2) = 2.17 TO 016 exp( + 4520/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.5.10- 10 

kl = 2.1-10- 10 

k2/kl 0.15 

295 
295 
295 

Langford, Petek, and Moore (1983)1 
Canosa-Mas, Frey, and Walsh (1985}~ 
Bohland, Temps, and Wagner (1985)3 

(a) 
(b) 
(c) 

Comments 

(a) Excimer laser flash photolysis of ketene (308 nm) fol
lowed by time-resolved detection of 1CH2 by cw dye 
laser absorption. 

(b) Excimer laser flash photolysis of ketene (308 nm) in 
the presence of Ar and C2H4• Products detected by 
GC. Pressure approximately 400 Torr. Product distri
bution simulated by numerical integration. Assumed 
same rate coefficient for 1CH2 + c2a and lCH2 + 
CH2CO. 

(c) Excimer laser flash photolysis of ketene (308 nm), 
LMR detection of 3CH2• Assumed triplet quantum 
yield at 308 nm 0.0. The k-Jkl value represents an 
upper limit. 

Preferred Values 

k = 1.5-10-10 cm3 molecule- 1 
S-l over range 300-1000 K 

k2/kl = 0.15 over range 300-1000 K 

Reliability 
~log k = ± 0.5 at 1000 K, reducing to ± 0.2 at 300 K 
ll(k2/kl) = ± 0.1 

Comments on Preferred Values 
The more direct measurement of Langford et al.1 is 

preferred, because of the assumptions made by Canosa
Mas et ai.2 and the complexity of their system; their value 
provides confirmation of the direct value. The tempera
ture dependence is unlikely to be pronounced for such a 
large rate coefficient. Even at 295 K, in the presence of 
400 Torr of Ar, Canosa-Mas et al.2 failed to detect signif-

J. PhV8. Chem. Ref. Data. Vol. 21. NO.3. 1 gg2 
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kant yields of cyclopropane and, especially at higher tem
peratures, the product can be taken as propene. A gen
eral discussion of lCH2 -+ 3CH2 deactivation may be 
found on p644. k2 may decrease slightly with tempera
ture. 

Thermodynamic Data 
tJ:r'298 = 459 kJ mol- 1 

~298 = 116 J K- 1mol-1 

K.p = 1.61·Ur ro·731 exp( -55200IT) atm 

References 

lAo O. Langford, H. Petek, and C. B. Moore, J. Chem. Phys. 78, 6650 
(1983). 

2C. E. Canosa-Mas, H. M. Frey, and R. Walsh. J. Chem. Soc. Faraday 
Trans. 2, 81, 283 (1985). 

3'f. BOhland, F. Temps, and H. Gg. Wagner, Ber. Bunsenges. Phys. 
Chem. 89, 1013 (1985). 

Rate Coefficient Data 

k[cm3 molecule- 1 S-I] T[K] Reference Comments 

Rale Coefftcteru Measuremerus 
l.()O10- 11 exp( -44900IT) 1700-2300 Bhaskaran, Frank, and Just (1979)1 (a) 
3.23'10-8 exp( -46100/T) 2150-2850 Roth, Barner, and LOhr (1979)2 (b) 

RC:'VU:W5 uruJ E'VU/UUliuns 

1.7'10-8 exp( -45600IT) 1500-3000 Warnatz (1984)3 (e) 

Comments 

(a) Shock-tube decomposition of C2HJ02 mixtures with 
direct detection of Hand 0 by atomic resonance ab
sorption spectrometry. 

(b) Shock-tube study of the decomposition of C2Ift, in Ar 
with direct measurement of time dependent [H]. 

(c) Based on data of Bhaskaran et aZ.1 and Roth et al. 2• 

Preferred Values 

k 1.7-10-8 exp( -45600/T) cm3 molecule- 1 S-1 over 
range 1500-3000 K 

Reliability 
410g k = ± 0.5 over range 1500-3000 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3. 1992 

Comments on Preferred Values 
We have adopted the recommendation of Warnatr 

which is based on the experimental data of Bhaskaran 
etal} and of Roth etal.2

• 

References 

lK. A Bhaskaran, P. Frank, and Th. Just, "High Temperature Methyl 
Radical Reaktions with Atomic and Molecular Oxygen", Proc. 12th 
Symp. on Shock Tubes And Waves (The Magnes Press, Jerusalem) 503 
(1979). 

2P. Roth, U. Barner, and R. LOhr, Ber. Bunsenges. Phys. Chem. 83, 929 
(1979). 

:JJ. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer
Verlag. New York (1984). 
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CH3 + O2 ~ CH30 + 0 (1) 
~ CH20 + OH (2) 

Thennodynamic Data 
Mn,98 (1) = 120 kJ mol- 1 

~l98 (1) = -96.6 J K-lmol-l 
AH298 (2) = - 223 kJ mol- 1 

Mi98 (2) = 3.1 J K- 1mol- 1 

K;.(1) -= 1.13'10-2 T0404 exp( -14100/T) Kp(2) = 4.32 T-O.I79 exp( + 26800/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
< 5'10- 17 

kl = 1.2.10- 11 exp( -12900/T) 
K2 = Rtl·lO- 11 exp( -17400IT) 
kl = 1.67.10- 10 exp( -15500/T) 
kl = 3.7,10- 10 exp( -17000/T) 
k2 = 5.3.10- 13 exp( -4500/T) 
k2 = 5.6,10- 13 exp( -4500/T) 

1000-1220 
1700-2300 
1700-2300 
1150-1560 
1430-2150 
1430-2150 
1100-1600 

Baldwin and Golden (1978)1 
Bhaskaran, Frank, 

(a) 
(b) 

and Just (1979)2 
Hsu et al. (1983)3 (c) 

(d) Saito el al. (1986)4 

Fraak and Zellner'i (e) 

Reviews and Evaluations 
k 1 = 2.5·10 -11 exp( - 14400/T) 1000-2300 

300-2500 
Warnatz (1984)7 (t) 

(g) kl = 3.3.10-6 T- 157 exp{ -14710IT) Tsang and Hampson (1986)S 

Comments 

(a) Very low pressure pyrolysis of (CH3)zNz in the pres
ence of O2, with mass spectrometric detection of 
CH3. With [02] in excess of (CH3)2N2 by a factor of 
100, no detectable change in CH3 mass peak was ob
served. Upper limit rate coefficient deduced from es
timated limit of detection of change in CH3 peak. 

(b) Shock-tube decomposition of C2HJ02 mixtures with 
direct detection of Hand 0 by atomic resonance ab
sorption spectrometry. Rate coefficients derived 
from a computer simulation of the [H] and [0] pro
files. 

(c) Shock-tube study of the decomposition of dilute mix
tures of (CH3Nh in O2 with detection of time-re
solved profiles of CO product formation. Rate data 
derived from kinetic modelling of CO formation. 

(d) Shock-tube study of the decomposition of mixtures of 
CzHJ02iAr and CH3I/02iAr with time-resolved mon
itoring of 0, H, and OH. Rate coefficients derived 
from kinetic modelling of experimental profiles 
based on a mechanism of 18 elementary reactions. 

(e) Shock-tube study of the decomposition of (CH3N)2 in 
presence of O2 and Ar with time-resolved measure
ments of [CH3] and [OH] at 216 and 308 nm respec
tively. Derived rate coefficients are comparable with 
above tabulated Arrhenius equation obtained from 
an RRKM calculation6 for k2• 

(1) Based on data of Brabbs and Brokaw9 and of 
Bhaskaran et al. l

• 

(g) Based on data of Bhaskaran et al.1 and of Hsu et al. 2 

and assuming that the reaction proceeds via CH30;. 

Preferred Values 

kl = 2.2,10- 10 exp( -15800/T) over range 300--2500 K 
k2 = 5.5'10- 13 exp( -4500/T) over range 1000--2500 K 

Reliability 
dlog kl = ± 0.5 
dlog k2 = ± 0.5 

Comments on Preferred Values 
The rate coefficients reported for channel (1) fall into 

two groups, i.e.the data of (i) Brabbs and Brokaw9 and of 
Bhaskaran et ai.2 and the data of (ii) Hsu et al.3 and of 
Saito et al.4

• At 1669 K these two sets of re~ults yield val
ues of k, which differ by about a factor of 2.5. We have 
derived the preferred rate expression from an analysis of 
the data of Hsu et al.3 and of Saito et al.4 mainly on the 
grounds that they involved more comprehensive experi
mental data than the other two studies. Reitelboim 
et at .10, Dean and Westmorelandll

, and Zellner and Ewit 
have calculated values of kl from RRKM theory involving 
a CH30; intermediate. In all cases the calculated rate co
efficients are lower than the above recommended value 
of k 1• The recent studies of Saito et al.4 and of Fraak and 
Zellner have confirmed that channel (2) is the favoured 
route in the reaction between CH3 and 01. The above 
recommended value of k2 is a mean of the sets of re
sults4

,5, which are in excellent agreement. In this case the 
calculated rate coefficients (k2) based on RRKM theory 
are totally consistent with the experimental data. 

J. Phys. Chel11. Ref. Data, Vol. 21, No.3, 1992 
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Thermodynamic Data 
Mrm = -135 kJ mol- 1 

~98 = -126 J K-lmol-l 
K" = 9.45-10-5 T-O.llS7 exp( + 15930/T) atm- 1 
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Rate Coefficient Data 

T[K] [M] [molecule cm-3] Reference Comments 

Rate Coefficient Measurements 
Low Pressure Range 
3.4'10-31 [He] 295 (0.2-2.2)-1017 (He) Plumb and Ryan (19R2)1 (a) 

230-568 (~30)-1016 (Ar) Pratt and Wood (1984)2 (b) 8.0010- 32 exp( + 560fT) [Ar] 
4.8'10-31 [Ar] 298 (1.7-19)-1016 (Ar) Selzer and Bayes (1983)3 (c) 
4.8-10- 31 [Ar] 298 (1.0-15)-1018 (Ar) Pilling and Smith (1985)4 (d) 
7.0010-31 [Ar] 298 (6.0-3600)'1018 (Ar) Cobos el al. (1985)5 (~) 

8.0.10- 31 [N2] } (N2) 
1.5-10-22 T-3.3 [Ar] 334-582 (0.5-15).10"1 (Ar) Keiffer, Pilling, and Smith (1981)6 (f) 

High Pressure Range 
1.1-10-12 298 (1.0-15)'1018 (Ar) Pilling and Smith (1985)4 (d) 
2.2-10- 12 298 (6.0-3600)'1018 (N2,Ar) Cobos et al. (1985)5 (e) 
1.3'10- 15 T12 

1.2'10-12 
334-582 (0.5-15)'1018 (Ar) Keiffer, Pilling, and Smith (1987)6 (f) 

298 (3.3-450)-1017 (He) Caldwell, Parent. and Nelson (1989)7 (e) 

Reviews and Evaluations 

leo = 7.0010-:l4 T-3.U [Nz] 

k ... = 2.0-10- 12 

Fc(N2) = exp( - TI360) + 
exp( -1440IT) 
14. = 4.1-10-26 T-2.0 [Nz] 
k'lO -= 2.9010-8 T-l.7 
F{; = 0.6 

Comments 

260-300 
260-400 

200-300 

(a) Discharge flow, mass spectrometry. CH, generated 
from F + CH4. ko obtained by extrapolation using 
k", == 2-10-12 em3 moleeule- 1 s-t, Fc == 0.51. 

(b) Discharge flow, analysis by gas chromatography. CH3 

generated by H + CzH4. ko obtained by fits using 
same parameters as Plumb and Ryanl • 

(c) Laser flash photolysis, photoionisation mass spec
trumetry. CH3 generated by 193 nm pbotolysis of ni
tromethane. Relative collisional efficiencies Ar : N2 : 
O2 : He determined as 1.0 : 1.1 : 1.1 : 1.9. 

J. Phys. Ch4)m. Ref. Data, Vol. 21, No.3, 1992 

Baulch et al. (1982)11 (h) 

DeMore et al. (1987)9 (i) 

(d) Laser flash photolysis, absorption spectroscopy. CH3 

generated by 193 nm photolysis of azomethane. 
Demonstrated that earlier flash photolysis/absorp
tion spectroscopy experiments were in error because 
of neglect of CH3 + CH30 z• Technique devised to 
eliminate contributions from this reaction. 

(e) Laser flash photolysis, absorption spectroscopy in 
high pressure cell. CH3 generated by 193 nm photol
ysis of (Uomcthane. 

(f) Laser flash photolysis, absorption spectroscopy. CH3 

from 193 nm photolysis of acetone. 
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(g) Laser flash photolysis, resonance enhanced multi· 
photon ionisation detection of CH3. CH3 generated 
from 266 nm photolysis of CH3I. 

(h) Based mainly on earlier flash photolysis studies at 
high radical densities, where radical-radical reac
tions play a significant role. 

(i) Based on Ref. 5 (k oc) and on the low pressure results 
of Refs. 1 and 3. 

Preferred Values 

ko = 1.5-10-22 T- 3.3 [Ar] cm3 molecule- I S-1 over range 
300-800 K 

ko = 1.6'10-22 T- 3.3 [N2] cm3 molecule- 1 S-1 over range 
300-800 K 

k"" = 1.3,10-15 T1.2 cm3 molecule-1 S-1 over range 300-
800K 

Fe = 0.466-1.30.10-4 T 

Reliability 
1110g k = ± 0.3 over the temperature range 300-800 K 

and the pressure range 0.5-1500 Torr 

Comments on Pre/erred Values 
The rate parameters are determined from the data of 

Refs. 3, 4, and 6 but they are in good agreement with the 

data of Refs. 2 and 7. The fits do not reproduce the high 
pressure data of Cobos et al. suggesting that this repre· 
sentation is unsatisfactory at higher pressures. 
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CH3 + H2 ~ CH4 + H 

653 

Thennodynamic Data 
MI'1.98 = - 2.6 kJ rno(-l 
AS'298 = - 24.0 J K -lmo(-l 
K" = 5.51'10-3 Tom exp( + 6381T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.32'10-18 T2 exp( -48101T) 
8.3'10- 13 exp( -5290IT) 
3.3,10- 11 exp( -7200IT) 

372-1370 
584-671 
1066-2166 

Kobrinsky and Pacey (1974)1 
Marshall and Shahkar (1981)2 
Moller, Mozzhukhin, and 

(a) 
(b) 

Wagner (1986)3 (c) 

Reviews and Evaluations 
2.57'10- 11 exp( -780l/T) 
1.4.10-12 exp( -5490IT) 
1.1'10-21 T3.0 exp( -3900IT) 
4.8'10-22 T3.12 exp( -4384IT) 

1200-2000 
370-700 
300-2500 
300-2500 

Clark and Dove (1973t 
Kerr and Parsonage (1976}S 
Warnatz (1984)6 

(d) 
(e) 
(0 
(g) Tsang and Hampson (1986)' 

Comments 

(a) Pyrolysis of neo-CSH12 in the presence of Hz in a flow 
system over the temperature range 826-968 K. End
product analysis for ClL and C:Jt;. Rate equation for 
temperature range 372-1370 K includes earlier data. 

(b) Pyrolysis of (CH3N)z in the presence of Hz in a flow 
system. End-product analysis for CH4 and CzIL. Ki
netic treatment of data gives k(CH3 + H2) directly 
without involving k(CH3 + CH3). 

(c) Shock-tube study with time resolved measurement of 
[CH3] by absorption at 216.5 nm. CH3 produced from 
decomposition of (CH:;)4Sn, (CH3)zN2 or (CH3)zHg. 

(d) Shock-tube study of the pyrolysis of (CH:;N)2 in the 
presence of Hz over the temperature range 1272-
1370 K. Rate coefficient at 1340 K derived from a 
computer simulation of the experimental concentra
tion-time profiles of CH4 and C:JI6. Rate equation 
for temperature range 1200-2000 K includes earlier 
literature data. 

(e) Linear least-mean squares fit of literature experi
mental rate coefficients. 

(f) Fit of three parameter rate equation to data analysed 
in comment (d). 

(g) Rate equation obtained from re-analysis of available 
experimental data. 

Preferred Values 

k 1.14'10-20 T2
.
74 exp( -4740/T) cm3 molecule- t 5- 1 

over range 300-2500 K 

Reliability 
Alog k = ± 0.15 over range 300-700 K 

± 0.3 over range 700-2500 K 

Comments on Pre/erred Values 
The above recommendation is from a re-analysis of the 

data base used by Tsang and Hampson 7 together with the 
more recent high temperature measurements of Moller 
et al.3• This latter study, which involved direct monitoring 
of [CH3], provides a firmer base concerning the curvature 
of the Arrhenius plot and the reliability of the rate coef
ficients at higher temperatures. 

It has already been pointed outS,7 that there is a dis
crepancy between the ratio of rate coefficients for this re
action and the reverse reaction and the equilibrium 
constant calculated from thermochemical data. 
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CH3 + CH3 ~ H + C2Hs (1) 
~ H2 + C2H4 (2) 

CH3 + CH3 (+ M) ~ C2H& (+ M) (3) 

Thermodynamic Data 
Ml.'i.98 (1) = 43.8 kJ moJ-l 
4S':m(1) = -21.9JK- 1mol- t 

Mf':m (2) = - 239 kJ mol- 1 

~298 (2) ;;: -38.3 J K-lmol-l 
~(1) == 2.21'10-4 TO.741 exp( -4790/T) ~(2) = 1.21-10-4 TO.59 exp( + 29050/T) 

Ml.'i.98 (3) = -375 kJ mol- t 

4S'298 (3) = -159 J K- 1mol- 1 

~(3) =2.41'10-10 ro·236 exp( + 45700/T) atm- 1 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] Reference Comments 

Rate Coefficient Measurements 
kz 1.10-7 exp( -21600IT) 
k == 1.6-10-8 exp( -15400/T) 

2000-2700 
1700-2000 

Gardiner et al. (1975)1 
Tsuboi (1978)2 

(a) 
(b) 

kl/k2 1.0 
kl 1.3-10-9 exp( -13400/T) 1650-2100 Roth and Just (1979)3 (c) 
k2 1.7'10-8 exp( -16100IT) 
kl == 2.5-10-13 

kl == 1.3.10-12 exp( -65621T) 
kl == 4.7,10-11 exp( -6840/T) 

1700 
1600-2500 
1320-2300 

Chiang and Skinner (1981)4 
Kiefer and Budach (1984)5 

(d) 
(e) 
(t) Frank and Braun-Unkhoff (1987)6 

Reviews and Evaluations 
kl ;;: 1.3-10-9 exp( -l3400IT) 
k2 = 1.7'10-8 exp( -16100IT) 
kl = 3'10-12 exp( -5248/T) 

1500-3000 
1500-2500 

Wamatz (1984)7 (g) 

(h) TsaD1~ and Hampson (1986)/1 

Comments 

(a) Methane pyrolysis in shock wave; time of flight mass 
spectrometry_ IR laser absorption and laser 
schlieren. Numerical integration of complex scheme. 

(b) Shock tube study of CzfI<i, C2HJOz- Monitored CH3 
by absorption, decay second order in methyl, sug
gested contribution from (kl + k2). 

(c) Reflected shock wave study of dilute CzII6 in Ar; II 
detected by atomic resonance absorption spec
troscopy. 

(d) Study of shock heated C2fI<i, C2D6 mixtures by atomic 
resonance absorption spectroscopy of H. Need addi
tional source of H at higher temperatures when H + 
C1fI<i ~ C2Hs ~ C2fL + H becomes unimportant on 
the monitoring time scale. 

(e) Argue that previous estimates are too high. Shock 
wave study of CzlL,/Kr mixtures by laser schlieren. 

(f) Shock tube/atomic resonance absorption study of H 
with a variety of CH3 precursors (CH3N2CH3, CH3I, 
ClfI<i, all in Ar) to cover a wide range of tempera
tures. Numerical integration. 

(g) Evaluation. Adopted the values of Roth and Juse. 
(h) Based on k-l and Kp. 

Preferred Values 

kl = 5'10- 11 exp( -6800/T) cm3 molecule- 1 8-1 over 
range 1300-2500 K 

kl no recommendation 

Reliability 
&Jog kl = ± 0.6 

Comments on Pre/en-ed Values 
Considering the indirect nature of most of the experi

ments, they give remarkably consistent results, although 
Kiefer and Budach'ss values seem too low. The preferred 
value is based on the recent, more direct data of Frank 
and Braun-Unkhoff6

• It should be noted, however, that 
extrapolation of values based on the low temperature k-l 
values and the equilibrium constant gives kl = 7-10- 12 

exp( - 6300/T) cm3 molecule -1 s -1 over the range 1300-
2500 K. 

There are insufficient data to make a recommendation 
on k2• 
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CH3 + CH3 ( + M) -» C2H6( + M) 

Thennodynamic Data 
AH'298 = -375 kJ mol-1 

4$"298 = -159 J K-1mol-1 

Kp = 2.41-10- 10 -ro.236 exp( + 45700/T) atm- 1 

Rate Coefficient Measurements 
lntennediate Fall.-of/ Range 

4.0-10- 11 

5.5-1()oll 
2.0-10- 11 

4.0-10- 11 

3.2,10-12 

1.3-10- 11 

1.8-10-11 

1.&10- 11 

5.2.10- 11 

7.0-10- 12 

8:0-10- 12 

2.4-10- 12 

5.3·10- 11 

1.1-10-11 

2.6'10- 11 

6.0-10- 11 

5.5-10- 11 

6.3-10-11-
5.0-10- 11 

5.0.10- 11 

4.6-10- 11 

2.&10- 11 

1.8.10- 11 

5.2.10- 11 

5.7,10- 11 

6.0-10- 11 

1.9'10-11 

3.5,10- 11 

4.1-10- 11 

3.8,10-11 

4.0-10- 11 

4.0-10- 11 

4.7,10- 11 

4.4'10- 11 

5.2'10- 11 

3.4-10- 12 

1.5.10- 12 

2.9-10- 11 

High Pressure Range 
5.8-10- 11 

Reviews and Evaluations 
k«; = 5.1-10- 11 

klZ = 4.8-IU- U 

k .... = 4-10- 11 

klZ ;;;:; 4-10- 10 T-O•4 

k .... = 1.7-10-9 T-O•64 

k«; = 1.5-10-7 T-118 exp( -329fT) 
ko = [Ar] 8.8'10-7 T-7 exp( -1390IT) 

T[K] 

250-450 
295 
450 

1350 

295 
640-818 

1700-1800 
295 
823 

296 

296 

577 

302 

373-463 
296 

906 

296 

300 
1300 

250-420 
300-1200 
25~1400 
300-2000 

Fe :::: 0.38 exp( - T n3) + 0.62 exp( - T 11180) 
k ... = &10-11 300-1400 
k"" ::: 1.7·10-~ T-U04 25~1400 
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Rate Coefficient Data 

[M] [molecule cm-3] 

(3.2-29.4).1018 (Nz) 
1 •. 6'1018 (Nz) . 
6.4-1016 (He) 
6.4-1017 

1.2-1018 (Ar) 
1.5-1019 

6.0-1019 

L2-1()20 
2.5-1019 (Nz) 
1.0-1017 (Ar) 
1.9-1011 

1.4-1018 (Ar) 
1.6-1018 (n -pentane) 
4.7-1016 (n -pentane) 
5.4-1017 

~.9·lOt8 

2.5,1019 (Ar) 
2.5-1Q20 
5.2-1()21 
2.8.1019 (N2) 

2.5·1()20 
2.S·1()21 
5.0·1()21 
1.6'1011 (Ar) 
1.3-1018 

1.6,1019 

8.4'1016 (Ar) 
1.1-1018 

6.6'1018 

1.3-1017 (Nz) 
2.7-1018 

1.8-1019 
6.3-1011 (Nz) 
3.8,1016 (Ar) 
3.4'1011 

4.0-1016 (Ar) 
7.9,1017 

6.4.1018 

(2.5-523)'1019 (Ar) 

Reference Comments 

Parkes et al. (1976)1 (a) 
Callear and Metcalfe (1976)2 (b) 
Van den Berg (1976)3 (e) 

Glanzer etal. (1976)4 (d) 

Hochanadel et al. (1977)5 (e) 
Sepehrad el al. (1979)6 (f) 

Zaslonko and Smimov (1979)' (g) 
Adachi el al. (1980)11 (h) 
Pacey and Wimalasena (1980)9 (i) 

Hippler et ai_ (1984)10 (j) 

Macpherson et al. (1985)11 (k) 

Arthur (1986)IZ (1) 

Arthur and Biordi (1986)1! (m) 
SlagJe et al. (1988)14 (n) 

Hippler et al. (1984)10 (j) 

Quack and Troe (1977)15 (0) 

Baulch and Duxbury (1980)17 (p) 
Wamatz (1984)18 (q) 
Tsang and Hampson (1986)19 (r) 
Wagner and Wardlaw (1988)20 (s) 

Troe (1989)21 (t) 
Tsang (1989)22 (u) 
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Comments 

(a) Molecular modulation spectroscopy, CH3 detection 
at 216 nm. 

(b) Flash photolysis of HgMe2, k =4.9-10- 11 cm3 

molecule -1 s -1 for 2 CD3 + M ~ C2D6 + M; CH3 

detection at 216 nm. 
(c) Flash photolysis of HgMe2, CH3 detection at 216 nm, 

pressure dependence between 3 and 30 Torr. 
(d) Shock wave pyrolysis study of azomethane at 1200-

1500 K, CH3 detection at 216 nm, fall-off curve 
between 170 and 17000 Torr, rate coefficients for 
2 CD3 + Ar ~ C1D6 + Ar identical to those for 
methyl recombination. 

(e) Flash photolysis of azomethane, CH3 detection at 216 
nm. 

(f) Discharge-flow study of the reaction H + CH4, mod
elling of the mechanism. 

(g) Shock wave pyrolysis study of tetramethyl tin, CH3 

detection at 216 nm. 
(h) Flash photolysis of azomethane, CH3 detection at 216 

nm. 
(i) Flow pyrolysis of neo-pentane, study of the induction 

period. 
G) Excimer laser flash photolysis of azomethane at 193 

nm, CH3 detection at 216 nm, onset of diffusion con
trol seen in high pressure N2. Results for Ar shown in 
Fig. 1. 

(k) Excimer laser flash photolysis of azomethane at 193 
nm, CH3 detection at 216 nm, temperature depen
dence between 296 and 577 K. 

(1) Molecular modulation spectroscopy, CH3 detection 
at 216 nm. 

(m) Rotating sector measurements based on acetone 
photolysis. 

(n) Excimer laser flash photolysis of acetone at 193 nm, 
analysis by photoionization mass spectrometry at low 
pressures and by absorption spectroscopy at higher 
pressures. Results shown in Fig. 1. Experiments also 
with M He from 296 to 810 K. Fall-off curves with 
M ::: Ar for many temperatures between 296 and 
906K. 

(0) Statistical adiabatic channel modelling. Value for 
300 K fitted to the experiments, value for 1300 K cal
culated on the basis of this fit. Evaluation of earlier 
work in Ref. 16. 

(p) Systematic evaluation of earlier work. 
(q) Data evaluation and simplified fall-off construction. 
(r) Construction of fall-off curves over the range 300-

2500K. 
(s) Modelling with variational transition state theory, 

RRKM theory, and including weak collision effects. 
Based on experimental data from refs. 4, 10, 11, and 
14. 

(t) Modelling of experimental data form refs. 4, 10, 11, 
and 14 with constant krec.«> such as suggested by statis
tical adiabatic channel model from Ref. 15. 

(u) See comment (r). 

Preferred Values 

k"" = 6.0-10- 11 cm3 molecule-1 
S-1 over range 300-2000 K 

ko = [Ar] 3.5-10-7 T- 7 exp( -1390/T) cm3 molecule- 1 S-l 

over range 300-2000 K 
Fc = 0.38 exp( - Tn3) + 0.62 exp( T/1180)} over range 

300-2000 K 

Reliability 
~.log k«> ± 0.05 at 300 K 
.1log koo ± 0.3 at 2000 K 
.1log ko = ± 0.3 over range 300-2000 K 
Me ::: ± 0.1 over range 300-2000 K 

Comments on Preferred Values 
The recent work from Refs. 4, 10, 11, and 14 has pro

vided extensive data on the pressure and temperature de
pendence of this reaction for temperatures below 1000 K. 
At T > 1000 K, data are still scarce and reliable extrap
olations to the limiting rate coefficients are difficult to 
make. Fig. 1 summarizes these experimental results. The
oretical modelling helps to extend the range of condi
tions. The modelling of k«> from Ref. 15 here is preferred, 
since it appears to give a better fit to the high tempera
ture data2

! and is in better accord with weak temperature 
coefficients found for a series of bimolecular capture rate 
constants. The expressions for ko and Fc are based on the 
modelling of Ref. 20, however, the values for ko had to be 
scaled by a temperature-independent factor in order to 
accomodate the chosen k«> value. 
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BAULCH ET AL. 

CH3 + CH3 ~ H + C2H2 

~ H2 + C2H4 

~ C2He 

T/K 
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• Hippler el 01 (k3) (N2) 1984 

~ Uacpherson et al (k3) (Ar) 1985 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 659 

CH3 + HCHO ~ CH4 + CHO 

Thermodynamic Data 
AIrm = - 61.2 kJ mol- 1 

~98 -20.7 J K-1mol- 1 

Kp = 2.1 T-O.176 exp( + 7360IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
5.33,10-14 1005 

788-935 
399-434 
500-603 

Held et af. (1977)1 (a) 
(b) 
(c) 
(d) 

2.1'10- 11 exp( -5415IT) 
1.66'10-12 exp( -3887/T) 
1.4'10- 12 exp( -3502/T) 

Manthorne and Pacey (1978)2 
Selby (1978)3 
Anastasi (1983)4 

Reviews and Evaluations 
1.75,10-13 exp( - 30BOIT) 
1.75.10-13 exp( -30BOIT) 
9.2-10- 21 T 281 exp( - 2950/T) 

300-500 
300-500 
300-2500 

Kerr and Parsonage (1976)5 
Warnatz (1984)6 

(e) 
(f) 
(g) Tsang and Hampson (1986)7 

Comments 

( a) Flow pyrolysis of dimethyl ether to generate CH3 and 
HCHO. [CH3] measured by UV absorption, CO, 
C~, and C2~ by gas chromatography. Independent 
values of k and k(CH3 + CH3) reported. 

(b) Flow pyrolysis of dimethyl ether; CO, Cfu, and C2H6 
measured by gas chromatography_ k relative to 
k(CH3 + CH3) = 4.03-10- 11 cm3 molecule- 1 

S-I. 

(c) Pyrolysis of di-t -butylperoxide; product analysis by 
gas chromatography. 

(d) Molecular modulation-UV absorption detection of 
CH3 at 216 nm in presence of excess HCHO; CH3 

produced by photolysis of acetone; first order rate 
constants corrected for contribution (up to 30%) due 
to CH3 + CH3COCH3 reaction. Contribution due to 
radical + radical reactions estimated from measure
ments of Cfu and other products by gas chromatog
raphy. 

(e) Based on data of Blake and Kutske8 and Toby and 
Kutske9 obtained from pyrolysis of di-t -butylperoxide 
and photolysis of of CH3NNCH3 respectively. 

(f) Accepts the recommendation of Kerr and Parson
ages. 

(g) Based on data in Refs. 1, 2, and 4 and the low tem
perature data evaluation of Kerr and Parsonages. 

Preferred Values 

k = 6.8.10- 12 exp( -4450/T) cm3 molecule- 1 S-1 over 
range 300-1000 K 

Reliability 
Alog k = ± 0.3 over range 300-1000 K 

Comments on Preferred Values 
The only direct study of this reaction is that of Anas

tasi, the other values being relative to methyl radical re
combination. The direct measurements which cover an 
intermediate temperature range are higher than pre
dicted from the expression given by Manthorne et ai.from 
non-linear least squares analysis of the high (800-1000 K) 
and low (350-420 K) temperature data. The evidence for 
non-Arrhenius behaviour is less clear cut than in the case 
of CH3 + CH3CHO, in the absence of reliabJe data at 
T > 1000 K. The preferred Arrhenius expression is 
based on a best fit to the data of Selbyl, Anastasi4

, and 
Manthorne et aZ.2

• 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 661 

CH3 + C2H2 ~ CH3CH=CH (1) 
~ CH4 + C2H (2) 

Thennodynamic Data 
111r298 (1) = -238 kJ mol- 1 

.6.5298 (I) = -138 J K-1mol- 1 
Ml"298 (2) = 113 kJ mol- 1 

.Kp(1) 1.37'10-10 r-0705 exp( + 29300/T) 
8Si98 (2) :;:; -1.5 J K-lmol-l 
Kp(2) = 39.9 roM exp( -13700IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
kl = 1.3'10-13 exp( - 27601T) 
kl = 4.2,10- 13 exp( -3900/T) 

kl - 1.0-10-12 exp(-3900IT) 

417-514 
371-479 

379--487 

Mandelcom and Steacie (1954)1 
Garcia-Dominguez and 

Trotman-Dickenson (1962}2 
Holt and Ken (1977r 

(a) 

(b) 
(c) 

Reviews and Evaluations 
k 1 = 4.2·10 -13 exp( - 3900IT) 371-514 Kerr and Parsonage (1972)4 (d) 

Comments 

( a) Steady-state photolysis of CH3COCH3 in presence of 
C2H2. End-product analysis for CH4, CZH6 and CO. k 
derived from a kinetic analysis based on a mass bal
ance, and a calculated relative to k(CH3 + CH3) = 
3.6-10-11 cm3 molecule- 1 S-I, 

(b) Steady-state photolysis of CH3CHO in presence of 
C2Hz with end-product analysis for adduct products 
and radical dimer. k derived from rate of formation 
of adduct produced and calculated relative to 
k(CH3 + CH3) = 3.6-10- 11 cm3 molecule- 1 S-I. 

(c). Steady-state photolysis of (CH3CO)z in the presence 
of CzHz and i -CHlO with end-product analysis 
for CRt and CO. k derived from a kinetic analysis 
based on a mass balance and calculated relative to 
k(CH3 i-C4HlO) = 1.38·10- 13exp( -4030/T) cm3 

molecule- 1 S-I. 

(d) Based on data of Garcia-Dominguez and Trotman
Dickenson2

• 

Preferred Values 

kl = 1,10-12 exp( - 3900/T) over range 300-600 K 

Reliability 
Alog k = ± 0.5 over range 300--600 K 

Comments on Pre/erred Values 
As pointed out by Holt and Ker~ the agreement be

tween the three determinations of the rate coefficient kl 
is poor. The largest discrepancy is between the values of 
kl reported by Mandelcom and Steacie1 and by Garcia
Dominguez and Trotman-Dickensonz• Here we have rec
ommended the rate expression determined by Holt and 
Kerr1 which represents a median position, but this has 
been assigned larger error limits. What is required in this 
case is a direct study of the rate of this reaction. Use of 
the preferred rate equation at temperatures above 600 K 
should involve error limits of Alog k ± 1.0. There appears 
to be no published data5 on the rate coefficient k2' but in 
view of its endothermic nature this must be a consider
ably slower reaction than reaction (1). We estimate a rate 
coefficient of kz < 10-20 cm3 molecule- l S-1 at 600 K, 
based on the enthalpy change AHo = 113 kJ mol- 1 and 
an assumed value of A2 < 1-10-10 cm3 molecule- 1 S-I. 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 663 

CH3 + C2H4 ~ n-C3H7 (1) 
~ CH4 + C2H3 (2) 

Thennodynamic Data 
AIrm (1) -104 kJ mol- 1 

4S~8 (1) = -145 J K-lmol-1 
A1ll98 (2) = 13.2 kJ mol- 1 

.1Si98 (2) = 4.4 J K -lmol-l 
A';, (1) 1.38.10-10 T-0 708 exp( + 12800IT) Kp(2) = 25.7 T U447 exp{ -1630 IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
kz = 1.7'10- 15 

kl = 3.5'10-13 exp( -3700IT) 
k2 = 8.3'10- 12 exp( -6540IT) 

1038 
305-503 
1950-2770 

Chen, Back, and Back (1976)1 
Holt and Kerr (1977)2 
Tabayashi and Bauer(1979)3 

(a) 
(b) 
(c) 

Reviews and Evaluations 
kl = 5.5.10- 13 exp( -3700IT) 
k2 = 6.9-10-12 exp( -5590IT) 

305-503 
460-650 

Kerr and Parsonage (1972)4 
Kerr and Parsonage (1976)5 

(d) 
(e) 

Comments 

(a) Pyrolysis of CH4 in a static reaction vessel with end
product analysis by GC. Value of k2 derived from 
measured ratio kJ(Jk2 (obtained from yields of 
propene and acetylene) where k3 refers to the reac
tion n -C3H7 ~ C3~ + M (3) and ~ to the equi
librium CH3 + C2H4 ~ n -C3H7 (4). 

(b) Steady-state photolysis of (CH3CO)2 in the presence 
of c2a and i -CJIlO with end-product analysis for 
ca and CO. k derived from a kinetic analysis based 
on a mass balance and calculated relative to 
k (CH3 + i -CHlO = 1.38.10-13 exp( - 4030/T) cm3 

molecule- 1 S-I. Data incorporated into an updated 
evaluation of previous data considered by Kerr and 
Parsonage2_ 

(c) Shock-tube study of the early stages of the pyrolysis 
of CH4• Rate expression derived from a computer 
analysis to fit predicted to observed profiles of den
sity gradients. Mechanism of twelve elementary reac
tions considered. 

(d) Evaluation based on data of Brinton6
, Hogg and Ke

barle7, Endrenyi and Le Roy, and Cvetanovic and Ir
win9

• 

(e) Evaluation based on data of Trotman-Dickenson and 
SteacielO

• 

Preferred Values 

kl 3.5-10- 13 exp( - 3700/T) over range 300-600 K 
k2 6.9,10- 12 exp( -5600IT) over range 400-3000 K 

Reliability 
dlog kl = ± 0.3 over range 300-500 K 
dlog k2 = ± 1.0 over range 400-3000 K 

Comments on Preferred Values 
There is reasonable agreement among the steady-state 

photolysis measurements of kl over the temperature 
range 300-500 K. Here we have selected the updated 
evaluation of Holt and Kerr2 which includes several ear
lier studies6-9. The use of this rate expression at tempera
tures above 500 K should certainly involve larger error 
limits and we suggest dlog k. = ± 0.5 up to 2500 K. The 
preferred rate expression for k2 is from the evaluation of 
Kerr and ParsonageS which is derived from the low-tem
perature steady-state experiments of Trotman-Dickenson 
and SteacielO

• This expression is in good agreement with 
the indirect rate coefficients reported by Tabayashi and 
Baue~ from high-temperature shock-tube measurements 
but not in such good agreement with the rate coefficient 
reported by Chen et al. 1 at 1038 K. More definitive mea
surements are required at the higher end of the temper
ature range. The existing results indicate no curvature in 
the Arrhenius plot for k2 and it has been suggested 1 that 
thi~ cou1d be due to a mechanism involving an addition 
complex rather than a simple H-transfer process. 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 665 

CH3 + C2Hs ~ C3Ha (1) 
~ CH4 + C2H4 (2) 

Thennodynamic Data 
MJf198 (1) - -367 kJ mol- 1 

as~98 (1) = -175 J K- 1mol- 1 
4.IF/.'.m (2) = 285 kJ mol- 1 

M"'298 (2) = -40.5 J K-1mo}-1 
~(1) = 4.40-10- 12 T'962 exp( + 44700IT) ~(2) = 3.01,10-3 ro·078 exp( + 34500IT) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
kl = 4.2'10-12 

kl 1.2'10-11 

kl 1.3·1O-1~ exp( -r5700IT) 

1050-1700 
1300-1700 
1300-1700 

Lifshitz and Frenklach (1975)1 
Koike and Gardiner (1980) 2 

Simmie, Gardiner, and 

(a) 
(b) 

Eubank (1982) 3 

kl = 1.5-10-16 exp( + 14700IT) 
kl = 4.5'10- 11 

kl - 1.48-1O- 11 cxp( t 8561T) 
kl = 4.73'10- 11 

1500-1650 
308 

773-793 
308 
308 

Arthur and Anastasi (1983t 
Kanan, Purnell, and Smith (1983)5 
Anastasi and Arthur (1987)6 

(e) 
(d) 
(e) 
(f) 
(e) 

kz/kl = 0.036 

Reviews and Eva/Ulltions 
kl = 1.2'10-11 300-2000 

300-2500 
300-2500 

Warnatz (1984)7 (g) 
(h) kl"" = 4.7,10- 11 (300/T)0.5 Tsang and Hampson (1986)11 

kz/kl = 0.04 

Comments 

(a) Estimated from kl = k-lK. 
(b) Pyrolysis of C3Ba in Ar behind reflected shock waves 

at pressures near 760 Torr, with IR laser absorption 
kinetic spectroscopy. k derived from a computer fit of 
the absorption profiles based on a mechanism of 44 
elementary reactions. 

(c) Re-analysis of data of Koike and Gardiner2 for exper
iments with 4.3% C3Hs in Ar. 

(d) Same experimental procedure as in (b) but at pres
sures of - 1400 Torr and with a mixture of 5% C3Hs 
in Ar. 

(e) Molecular modulation spectroscopy. CH3 and C2Hs 
produced from photolysis of azo compounds at 350 
nm. [CH3] and [C2Hs] monitored by UV absorption. 
k obtained from computer simulation of concentra
tion profiles. 

(t) Study of the pyrolysis of C3Hs in a static reaction ves
sel in the presence of C2lL. kl calculated from k-lK. 

(g) Based on results of Koike and Gardiner2. 
(h) Calculated fromk(CH3 + CH3) and k(C2Hs + C2Hs) 

and and combination/cross-combination ratio. Tabu
lated data also presented to allow for presure depen
dence. 

Preferred Values 

kl CO) = 4.7,10-11 cm3 molecule- 1 S-1 over range 300-800 K 
k2 / k = 0.04 

Rplinhility 
Alog kl :t 0.3 over range 300-800 K 
Ak2/k = ± 0.005 

Comments on Preferred Values 
The preferred value of kl is from the work of Anastasi 

and Arthur6 at 308 K, which is the most direct study so far 
reported. This recommendation is in excellent agreement 
with the value of kl derived from a studyS of the pyrolysis 
of C3Hs at temperatures near 800 K, and based on a cal
culated equilibrium constant for the reaction. From these 
two determinations the temperature coefficient of kl 
would appear to be negligible. At the same time the pre
ferred value of kl is in reasonable agreement with the 
value of kl derived by Tsang and Hampson8 on the basis 
of the values of k(CH3 + CH3) and k(C:JIs + C:JIs) and 
the cross-combination/combination ratio of rate coeffi
cients. The preferred value of kJk is from the recom
mended value of the ratio kz/kl 0.04 which has been 
established from Jow temperature studies9

• In keeping 
with other disproportionation/combination ratios of rate 
coefficients, this value of k-dkl would not be expected to 
show any marked temperature dependence. 

Tsang and Hampson8 have made calculations of the de
pendence of the value of k 1 upon concentration and tem
perature. These become important at temperatures 
above 1000 K. 
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Thennodynamic Data 
J1Hi98 = -19.5 kJ mol- I 

~8 = 14.7 J K-lmol-l 
Kp ;;; 1.61·1@ T-o.ss exp( + 2300/T) 

Rate Coefficient Data 

Temperature [K] Reference Comments 

Rate Coefficient Measurements 
3.3'10-13 exp( -5250/T) 
7.1,10-13 exp( -5710/T) 
1.32,10-12 exp( -5810/T) 
5.9-10- 13 

389-567 
435-614 
519-797 

Trotman-Dickenson et al. (1951)1 
Wijnen (1955)2 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 
(g) 
(b) 

1350 
1055-1325 
980-1130 

1055-1325 
880 
995 

1038 
1068 
1206 

McNesby and Gordon (1955)3 
Clark et al. (1971)4 

8.3.10- 10 e:xp( -10SOOIT) 
7.4.10- 11 exp( -8770/T) 
5.4.10- 11 exp( -9060IT) 
6.0-10- 15 

Pacey and Purnell (1 (72)5 
Yampolskii and Rybin (1974t 
Bradley and West (1976)7 
Cben, Back, and Back (1976)8 

7.8.10-15 

17.1-10-15 

19.8-10-15 

1.1-10-13 Lee and Yeb (1979)9 (i) 
(j) 
(p) 

6.8,10- 15 

3.3'10- 11 exp( - 6800IT) 
902 

1100-1400 
Pacey and Wimalasena (1984)10 
Moller et al. (1987)18 

Reviews and Evaluations 
1.17-10-9 exp( -12030/T) 

+ 4.2'10- 14 exp( -4580/T) 
9.15,10-25 T4 exp( -4167/T) 
9.3'10- 13 exp( -5840/T) 
9.15-10-25 T4 exp( -4167/T) 
9.15,10-25 T4 exp( -4167/T) 

300-1350 
300-1800 
300-700 
300-2000 
400-2000 

Pacey and Purnell (1972)5 
Clark and Dove (1973)11 
Kerr and Parsonage (1976)12 
Warnatz (1984)13 

(k) 
(I) 
(m) 
(n) 
(0) Tsang and Hampson (1986)14 

Comments 

(a) Competitive photolysis of acetone-d6• k for CD3 reac
tion, relative to k(CD3 + CD3) = 4.15-10- 11 cm3 

molecule- 1 S-I. 

(b) Competitive photolysis of acetone-d6• k for CD3 reac-
tion, relative to k(CD3 + CD3COCD3) 8.0.10- 13 

exp( - 5760/T) cm3 molecule- 1 S-115. 

(c) Competitive photolysis of acetone-d6• k for CDl reac
tion, relative to k(CD3 + CD3COCD3) (kI) as in (b). 
Values of kl extrapolated from low T data. If log 
kl-1/T plot shows upward curvature, values of k may 
be too low (see graph). 

(d) Shock tube, time-of-night mass spectrometry, com
plex system. 

(e) Pyrolysis, computer fit of products. Complex system, 
k values quoted with considerable error limits, log A 
= -9.1 ± 1.0, E = 90 ± 20 kJ mol-I. 

(f) Pyrolysis of C2~ + D2 mixture; competitive tech
nique. Obtainedk/k(CH3 + D2)' Original values cor
rected by use of high temperature value of k (CH3 + 
D2) = 2.3'10- 11 exp( -8120IT) cm3 molecule-I S-1 

based16 on Tsang and Hampson's14 recommended 
value for k(CH3 + Hz). 

(g) Shock tube, computer simulation of reaction prod
ucts. Value of k dependent on a number of rate con
stants. 

J. Phys. Chem. Ref, Data, Vol. 21, No.3, 1992 

(h) Thermal decomposition of C2~' product analysis, 
complex system. Value of k dependent on a number 
of rate constants. 

(i) Ethane pyrolysis, computer simulation of products, 
complex system. Value of k dependent on a number 
of rate constants. 

G) Pyrolysis in flow system giving k/klf2(CH3 + CH3). k 
calculated from k(CH3 + CH3) = 4.15,10- 11 cm3 

molecule- 1 S-I. 

(k) Fit to experimental points between 300 and 1350 K. 
(1) Simplified BEBO calculation of k values. 
(m) Detailed review of low temperature data. 
(n) Recommended without comment. 
(0) Recommend the Clark and Dove BEBO cakulatiolls 

in order to relate the high and low temperature data. 
(p) Shock-tube determination with UV detection of CH3. 

Preferred Values 

k = 2.45-10-31 T6 exp( - 3043 /T) cm3 molecule- 1 S-l over 
range 300-1500 K 

Reliability 
&logk ± 0.1 at 300 K rising to ± 0.15 at 1000 K and 

to ± 0.2 at 1500 K 
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Comments on Preferred Values 
A sharply curved non-Arrhenius dependence is re

quired to account for the low and high temperature re
sults. The Clark and Dove expression lies above the 
experimental k values at low temperatures, but does give 
a good fit above 800 K. The preferred value of k fits at 
high and low temperature, but lies above the McN esby 
and Gordon values between 650 and 800 K. However, as 
pointed out in comment (c), these values of k may have 
been seriously underestimated. A T6 term is required to 
explain the curvature observed, although Furue and 
Pacey17 suggest a TZ.5 expression gives a good fit if tun
nelling is considered. For high temperature values (1500-
2500 K) Clark and Dove's expression is recommended 
(9.15.10- 25 T4 exp( -4167/T) cm3 molecule-1 S-I). Non
allowance for fall-off in k(CH3 + CH3) may be responsi
ble for higher than expected values of k at high 
temperatures. 
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CH3 + CH3CHO ~ CH4 + CH3CO (1) 
~ CH4 + CH2CHO (2) 

Thennodynamic Data 
M-li98 (1) = -77.9 kJ mol- 1 

4S'29s(I) = -5.09 J K-1mol- 1 

K;,(I) = 66.5 r- 0416 exp( + 9330fT) 

M-li9K (2) = - 30.2 kJ mol- 1 

M"':m (2) - 4.0 J K -lmol- 1 

K;,(2) = 2.93 T-O.2S7 exp( + 3600fT) 

Rate Coefficient Data 

k[ cm3 molecule-1 S-1 ] T[K] Reference Comments 

Rate Coefficient Measurements 
2.64'10- 12 exp( -4240fT) 
3.3'10-31 T59 exp( -860fT) 

753-813 
1051-1225 

Liu and Laidler (1968)1 
Colket et al. (1975)2 

(a) 
(b) 

Reviews and Evaluations 
6.2'10- 12 exp( -3020fT) 
6.2-10 -12 exp( - 3020fT) 

300-525 
300-525 

Kerr and Parsonage (1976)3 
Warnatz (1984)4 

(e) 
(d) 

Comments 

(a) Pyrolysis of CH3CHO; k relative to k(CH3 + CH3 ~ 
CZH6) = 3.67-10- 11 cm3 molecule- t S-1 

(b) Pyrolysis of CH3CHO in 1 atm N2; k relative to 
k(CH3 + CH3) ~ C2~- Above expression obtained 
using k(CH3 + CH3) = 4.0.10- 10 T-O

.
4 from Ref. 4 

and the expression for klk°.5(CH3 + CH3) derived by 
Colket et al. from their data together with earlier 
lower temperature data. 

(c) Based on low temperature relative rate data of Kerr 
and Calvert5

, Brinton and Volman6
, Dodd7

, Calvert 
et al.8

, Buchanan and McRae9
, and Birrel and Trot

man-Dickenson lO
• 

(d) Accepts recommendation of Kerr and Parsonage. 

Preferred Values 

k = 3.3-10-30 T5.64 exp( -1240/T) em3 molecule-I 5- 1 over 
range 300-1250 K 

Reliability 
.110g k = ± 0.3 over range 300-1250 K 

Comments on Preferred Values 
There are no direct studies of the kinetics of this reac

tion and all of the k values are relative to methyl recom
bination. The results of Colket et al. at T > 1000 K show 
a significantly greater activation energy than the data 

from lower temperature and taken with the intermediate 
temperature data of Liu and Laidler, the rate coefficient 
clearly shows non-Arrhenius temperature dependence. 
The large amount of low temperature data is broadly self 
consistent, although there is a spread of approximately a 
factor of 2 in the values near 400 K. The preferred values 
are based on a line constructed through the mean of the 
low temperature data and the data of Liu and Laidler l 

and Colket et al. 2, both of which appear to be reliable rel
ative rate studies. There is no experimental data on the 
contribution of the second channel. Assuming k2 = 1/2 
k(CH3 + C2~), this channel contributes 1 % and 7.8% of 
the total rate at 500 K and 1000 K respectively. 
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5J. A. Kerr and J. G. Calvert, J. Phys. Chern. 69, 1022 (1965). 
6R. K. Brinton and D. H. Volman, J. Chern. Phys. 20, 1764 (1952). 
7R. E. Dodd, Can. J. Chern. 33, 699 (1955). 
81. G. Calvert, J. N. Pitts, and D. D. Thompson, J. Amer. Chern. Soc. 

78, 4239 (1956). 
9A. S. Buchanan and J. A. McRae, Trans. Faraday Soc. 64, 919 (1968). 
lOR. N. Birrel and A. F. Trotman-Dickenson, 1. Chern. Soc. 2059 (1960). 

J. Phys. Chem. Ref. Data. Vol. 21. No. 3.1992 



672 

2000 

-12.0 

-13.0 

,-..... 

i 
Vl ..... 

I 
Q) -14.0 

..-4 

~ 
C) 
Q) 

..-4 

0 

8 
t"J 

8 
C) 

"- -15.0 ~ 
............. 

tl.O 
0 

....:i 

-16.0 

-17.0 

o 0.5 

BAULCH ET AL. 

CH3 + CH3CHO ~ CH4 + CH3CO 

T/K 

\ 

1000 

\ 
\ 

1.0 

500 400 300 

EXPERIMENTAL OATA 

Dodd 1955 
------- Birrell et 01 1960 
• • • • • • • • • .. • .. • • • . • Kerr and Calvert 1965 

r----1 liu and Laidler 1968 
-'-'-'-'- Colket et at 1975 

This Recommendation 1989 

'. 

1.5 2.0 2.5 3.0 

1 03T-l /K- 1 

J. Phys. Chem. Ref. Data, Yol. 21, No.3, 1992 

3.5 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 673 

Thennodynamic Data 
Ml'i98 = 439 kJ mol- 1 

M"'298 = 123 J K -lmol- 1 

Kp = 5.68-1()3 TI06 exp( - 52700IT) atm 

Rate Coefficient Measurements 
Low Pressure Range 

[Ar] 3.3-10-7 exp( -44800/T) 

Intennediate Fall-off Range 
2.5-1013 exp( - 48300/T) 
4.0.1014 exp( -50800/T) 
1.4-1012 exp( -51800/T) 
3.8,1013 exp( -47100/T) 
4.0-109 exp( -31700IT) 
4_7'1012 exp( -46900/T) 
2.3·1()1! exp( - 32500/T) 
2.3'109 exp( - 32500/T) 
0.74-10-8 

1.32'10-8 

2.82-10-& 
0.39010-7 

1.38.10-7 

2.57'10- 7 

0.98'10- 7 

4.9'10-7 

8.71'10-7 

0.69,10-6 

2.06'10-6 

3.86,10-6 

2.8,1012 exp( - 44500IT) 
2.2'1012 exp( - 45400/T) 
~.3·1012 exp( -45400/T) 
2.3-1011 exp( - 43200/T) 
9.1.1011 exp( -43200IT) 
1.13-10-5 

1.37.10-5 

2.52'10-5 

3.17,10-5 

4.12,10- 5 

5.3tr10-5 

8.30010-5 

10.1,10-5 

4.44,10-6 

5.28,10-6 

9.80.10- 6 

1.20.10-5 

1.46.10-5 

1.87.10-5 

2.31-10-5 

3.19-10-5 

4.32,10-5 

5.39,10-5 

3.04,10-6 

5.11'10-6 

4.93'10-6 

8.25,10-6 

1.52-10-5 

1.55.10-5 

2.27'10-5 

3.63,10-5 

4.20' 10-5 

6.03' 10-5 

8.50' 10-5 

1.20. 10-4 

T[K] 

1850-2500 

1850-2500 

1750-2575 
1750-2700 
2000-2700 
1700-2300 
2000-2700 

995 

1038 

1068 

1103 

1875-2240 
2000-2700 

1950-2770 

1098 

1123 

1148 

1073 

1098 

1123 

1148 

1073 

1098 

1123 

1148 

Rate Coefficient Data 

[M] [molecule cm- 3] 

(3.3-90.0)'1019 (Ar) 

3.3'1019 (Ar) 
9.001Q2° (Ar) 
5.0.1017 (Ar) 
4.0.1019 (Ar) 
2.4'1018 (Ne) 
6.001018 (Ar) 
6.001017 (Ar) 
6.0.1018 (Ar) 
0.5-1018 (CH4) 

3.2,1018 
7.2'1011> 

0.3-1017 

3.1-1018 

6.9-1018 

0.23'1018 

2.1-1018 

6.7-1018 

0.43.10111 

2.0.1018 

6.5'1018 

1.2'1019 (Ar) 
6.0.1018 (Ar) 
17'1018 

1.4-1018 (Ar) 
5.4-1018 

2.001Q2° (He) 
3.3·1Q2° 
6.5'1019 

1.9,1020 
3.2-1020 
3.2'1019 

1.9-1Q2° 
3.2-1Q2° 
2.001Q2° (Ar) 
3.4·}0"/I 
6.6-1019 

2.001Q2° 
3.3-1Q2" 
3.2'1019 

6.5-1019 

1.9-1Q2° 
3.2'1019 

6.3'1019 

3.4-1019 (CR.) 
l.4·lOW 
3.4·1Q2° 
3.3'1019 

1.3·1Q2° 
3.3·1Q2° 
3.2'1019 

1.3·1Q2° 
3.2 - 1020 

3.2. 1019 

1.3· 1020 

3.2 • lOW 

Reference 

Hartig etal. (1971)1 

Hartigetal. (1971)1 

Dean and Kistiakowsky (1971)2 
Napier and Subrahmanyan (1972)3 
Vompe (1973)4 
Roth and Just (1975)5 
Gardiner et al. (1975)6 

Chen et al. (1975}' 

Bowman (1975)8 
Heffington el al. (1977)9 

Tabayashi and Bauer (1979)10 

Barnes, Pratt, and Wood (1989)11 

Comments 

(a) 

(a) 

(b) 
(c) 
(d) 
(e) 
(f) 

(g) 

(h) 
(i) 

(j) 

(k) 
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CH4(+M) -+ CH3 + H(+M) - Continued 

Rate Coefficient Data 

T[K] [M] [molecule cm-3] Reference Comments 

Rate Coefficient Measurements 
High Pressure Range 
1.3·1()15 exp( - 52300/T) 
2.8.1016 exp( -54-100/T) 
1.75.1016 exp( -53000/T) 

1850-2500 
995-1103 
1073-1148 

(3.3-90.0).1019 (Ar) 
(0.43-7.2).1018 (C~) 
(3.2-33.4).1019 (C~) 

Hartig et al. (1971)1 
Chen et al. (1975)1 
Barnes, Pratt, iand Wood (1989)11 

(a) 
(g) 
(k) 

Reviews and Evaluations 
k«> = 2.0.1015 exp( -52300/T) 
ko = [Ar] 3.3.10-7 exp( -44500/T) 
k«> = 1.0.1015 exp( -50500/T) 
koo = 3.7.1015 exp( -52200/T) 
koo = 3.7.1017 T-O.s58 exp( -52782/T) 
ko = [Ar] 1.2.1016 exp( -47000/T) 
koo = 2.4.1016 exp( -52800/T) 
Fc(Ar) = exp( -0.45-T/3231) 

Comments 

1500-3000 
1000-3000 
300-2500 
300-2500 
1000-3000 
1000-3000 
1000-3000 

(a) Shock wave study of CRt/ Ar mixtures. The reaction 
was followed by infrared emission of ClL and by in
frared emission and ultraviolet absorption of the 
formed species. 

(b) Shock wave study of CRt/02iCO/ Ar mixtures. The 
reaction was followed by measuring infrared emis
sions from CO and O2• 

(c) The CH4 pyrolysis was investigated by a shock waves 
technique. 

(d) Shock wave study of CHJNe mixtures. The reaction 
was analysed by time-of-flight mass spectrometry. 

(e) Direct measurements of the time dependent H atom 
concentration during the pyrolysis of CHJAr mix
tures using shock waves technique. 

(t) Pyrolysis of CRt in shock waves. The reaction was 
followed by time-of-flight mass spectrometry, in
frared laser absorption, and laser schlieren tech
nique. 

(g) Pyrolysis of CRt in a static system. Initial rates based 
on analysis of H2, C2H6, and C2Rt. k<Xl values extrapo
lated with RRKM theory. 

(h) Shock waves study of CRt/02iAr mixtures. Reaction 
fulluwed by absorption measurements of OH and by 
emission from the chemiluminescent reaction 0 + 
CO. 

(i) Shock waves study of CH4 pyrolysis. The reaction was 
followed monitoring the ClL emission and absorp
tion at 3.392 j.1.m. 

0) Shock waves measurements of CHJ Ar mixtures. 
Modelling of 12 reactions. 

(k) Pyrolysis of CH4 at very early stages (0.003-0.05% re
action) in a quartz-lived flow reactor. Reactant and 
products (ethyne, ethylene, acetylene, and propy
lene) detected by gas chromatography. 

(1) Review of literature previous to 1966. 
(m) Review of literature previous to 1980. 

J. p~; , Chem. Ref. Data, Vol. 21, No.3, 1992 

Benson and Orq Neal (1970)12 
Warnatz (1984)13 

Tsang and Hampson (1986)14 
Stewart et al. (1989)15 
Cobos and Troe (1990)16 

(I) 
(m) 

(n) 
(0) 
(p) 

(n) The kon recommended is based on the Hartig etal.1 

results scaled up by a factor 3. 
(0) Single-channel hindered Gorin model RRKM calcu

lations of the ClL decomposition with a fit to exper
imental results. 

(p) The experiments by Hartig et al.1 have been re-evalu
ated taking into account the increasing amount of IR 
emissions from species other than CH4 such as docu
mented in Ref. 1. These corrections become most 
pronounced in the high pressure experiments. The 
theoretical calculations were done using the ko for
malism from Ref. 16, fall-off expression from Ref. 17, 
and SACM-modified PST calculations from Ref. 18 
which lead to a nearly temperature independent 
value of k<Xl for the reverse recombination H + CH3 
~ CH4 of 3.5.10- 10 cm3 molecule- 1 S-I. 

Preferred Values 

ko = [Ar] 1.2.10-6 exp (-47000/T) S-1 over range 1000-
3000 K 

ko = [ClL] 1.4.10-5 exp (-48100/T) S-1 over 
range 1000-20DOK 

k<Xl = 2.4.1016 exp (-52800/T) S-1 over range 1000-
3000K 

Fe = exp( -0.45-T/3231) for M = Ar 
Fe = exp( -0.37 -T/2210) for M = ClL 

Reliability 
alog ko = ± 0.3 over range 1000-3000 K 
~log k<Xl = ± 0.5 over range 1000-3000 K 
Me = ± 0.1 over range 1000-3000 K 

Comments on Pre/erred Values 
The preferred values for ko are taken from the com

parison of the experimental data from Refs. 1,5, 7, 8-10 
with the theoretical modelling from Ref. 16. This is based 
on the assumption of nearly temperature independent 
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f3c = 0.11 for M = CH4 and f3c = 0.03 for M = Ar which 
was rationalized by very inefficient energy transfer and a 
positive temperature coefficient of < dE > at low tem
peratures. The preferred values of kaJ are consistent with 
a nearly temperature independent kaJ of 3.5.10-10 cm3 

molecule -1 s -1 for the reverse recombination H + CH3 

-+ Cffi. Since the evaluation of the high pressure data 
from Ref. 1 there appears to be no experimental evidence 
for a stronger negative temperature coefficient of kaJ for 
the recombination such as was suggested in Ref. 15. Re
cent theoretical models based on realistic potential en
ergy surfaces have all predicted temperature coefficients 
consistent with the presently preferred values (see e.g. 
Cobos20

). 

References 

IR. Hartig, J. Troe, and H. Gg. Wagner, 13th Symp. (Int.) Combust., 
147 (1971). 

2A. M. Dean and G. A. Kistiakowsky, J. Chern. Phys. 54, 1718 (1971). 
3D. H. Napier and N. Subrahrnanyan, J. App!. Chern. Biotechnol. 22, 

303 (1972). 
4G. A. Vompe, Russ. J. Phys. Chern. 47, 788 (1973) (translated from Zh. 

Fiz. Khim. 47, 1396 (1973». 

sp. Roth and Th. Just, Ber. Bunsenges. Phys. Chem. 79,682 (1975). 
6W. C. Gardiner, Jr., J. H. Owen, T. C. Clark, J. E. Dove, S. H. Bauer, 

J. A. Miller, and W. J. McLean, 15th Symp. (Int.) Combust., 857 
(1975). 

7c. J. Chen, M. H. Back, and R. A. Back, Can. J. Chern. 53, 3580 (1975). 
sc. T. Bowman, 15th Symp. (Int.) Combust., 869 (1975). 
'IW. M. Heffington, G. E. Parks, K. G. P. Sulzmann, and S. S. Penner, 

16th Symp. (Int.) Combust., 997 (1977). 
10K. Tabayashi and S. H. Bauer, Comb. Flame 34,63 (1979). 
lIR. W. Barnes, G. L. Pratt, and S. W. Wood, J. Chern. Soc., Faraday 

Trans. 2, 85,229 (1989). 
12S. W. Benson and H. W. O'Neal, Natl. Std. Ref. Data Series NSRDS

NBS 21, 381 (1970). 
13J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, 

Springer-Verlag, New York (1984). 
14W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
ISp. H. Stewart, G. P. Smith, and D. M. Golden, Tnt. J. Chem. Kin. 21, 

923 (1989). 
1
6C. J. Cobos and J. Troe, Z. Phys. Chern. NF, 167, 129 (1990). 

1
7J. Troe, J. Chern. Phys. 66, 4758 (1977); J. Phys. Chern. 83, 114 (1989). 

181. Troe. BeT. Bunsenges. Phys. Chern. 87, 161 (lQR3); R. G. Gilhert, K. 
Luther, and 1. Troe, Ber. Bunsenges. Phys. Chem. 87, 169 (1983). 

19J. Troe, Z. Phys. Chem. NF 161, 209 (1989). 
wc. J. Cobos, Int. J. Chern. Kin. 21, 165 (1989). 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 



676 

6.0 

5.3 

4.6 

::::' 
I 

~ 
~ 
"-'" 
01) 
0 
~ 

3.9 

3.2 

2.5 

18 

BAULCH ET AL. 

CH4 + Ar -+ CH3 + H + Ar 

EXPERIMENTAL DATA 

C HeUinton et al. (19771 
A Bowman (1975) 
A. Roth and Just (1975) 
D Tabayarkl Ind Bauer (1979) 
• Hartig et al. (1971) 

IRe-eutulted: Cobos and Troe (1989' J 

T - 2200 

o 

This Recommendation 1989 

.. 
D 

19 

• 

• 

20 

Log ([M]/lnolecules em -3) 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

• 

• 

21 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 677 

Thermodynamic Data 
1::JI'298 (1) = -144 kJ mol- 1 

M~ (1) = -3.03 J K-1mol-1 

Kp(l) = 2.5 T-O
•
178 exp( + 17200IT) 

k[ em3 molecule- 1 S-1 ] 

Rate Coefficient Measurements 
= 5'10- 11 

5.7-10- 12 

1.3.10-11 

k3/kl = 5 
k2/kl ~ 0.19 
5.6-10-" 
5.5,10- 12 exp( -3522/T) 
4.0-10- 12 

k3 = 1.2'10-30 [M] 
4.0-10- 12 

5.5.10- 11 T-04 
5.8'10- 12 

5.2'10- 12 

k2fkgcs < 4.10-3 

k3fkges < 0.07 
4.7,10- 12 

CHO + O2 ~ H02 + CO (1) 
~ OH + CO2 (2) 
~ HC03 (3) 

AH!J98 (2) = - 398 kJ mol- 1 

M298 (2) = -32.2 JK- 1 mol- 1 

Kp (2) =2.65 1011 T- 0.678 exp( + 47960IT) 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[ K] Reference 

1400-1800 Peeters and Mahnen (1973)1 
297 Washidi:J, Mi:J!liut:L., alld Bayt::; (1974)2 

=2000 Tsuboi (1976)3 
266-298 Osif and Heicklen (1976) 4 

298 Shibuya t!t al. (1977)" 
1000-1350 Westbrook et al. (1977) 6 

298 Reilly et al. (1978),·8 
298 Horowitz, Su, and Calvert (1978)9 
298 Nadtochenko ct al. (1979)10 

298-503 Veyret and Lesclaux (1981)11 
= 1100 Cherian et al. (1981)12 

296 Temps and Wagner (1984)13 

295 Langford and Moore (1984)14 

Comments 

(a) 
(b) 
(e) 
(d) 

(c:) 
(f) 
(g) 
(b) 
(i) 
G) 
(k) 
(I) 

3.0-10- 11 . 1450-1550 Vandooren et al. (1986) 15 

(m) 
(n) 

4.5-10- 11 exp( -600fT) 300-1600 
1.3'10- 11 exp( -205fT) 295-713 Timonen et al. (1988)16 (0) 

Reviews and Evaluations 
5.1'10- 12 298 Baulch et al. (1980)17 
5.10- 12 300-2000 Warnatz (1984)18 
8.5,10 -11 exp( - 854fT) 300-2500 Tsang and Hampson (1986) 19 

Comments 

(a) Investigation of lean and stoichiometric CRJO:z/Ar 
flames burning at 40 Torr; concentration measure
ments by molecular beam sampling - mass spec
trometry. O2 considered as the only reaction partner 
ofCHO. 

(b) Discharge-flow system; total pressure near 4 Torr. 
[CHO] measured during the reaction of C2H4 with 0 
atoms by photoionization mass spectrometry. Addi
tion of O2 resulted in a decrease of the steady-state 
concentration of CHO. 
k(CHO + 02)lk(CHO + 0) = 2.7'10-2

• Given 
value of k based on k(CHO + 0) = 2.1-10-10 cm3 

molecule- 1 S-l. 

( c) Computer simulation of a 39 reaction mechanism 
and comparison with experimental induction periods 
and concentration profiles. 

(d) Photolysis of Cl:z/CH20/02 mixtures. [CO] and [C02] 

by gas chromatography, [HCOOH] by IR spec
troscopy. Total pressures 62-704 Torr (298 K) and 
344-688 Torr (266 K). Reaction (3) was found to be 

in the second-order region. No indication of a total 
pressure effect in [HCOOH]. 

(e) Flash photolysis of acetaldehyde in He with small 
amounts of O2 (A > 200 nm). [CHO] monitored by 
absorption around 613.8 nm. Total pressures in the 
range 10-530 Torr; no pressure dependence of k 
within the experimental limits. 

(f) Computer modelling of 56 reaction mechanism for 
the reaction of dilute moist CO in air and of dilute 
CH4 in air at atmospheric pressure. Comparison with 
experimental concentration profiles of stable species 
obtained by gas chromatography of quenched sam
ples. 

(g) Near-UV laser photolysis of CH:zI02 mixtures; intra
cavity laser spectroscopy of CHO absorbance near 
614 nm. Total pressure near 10 Torr. 

(h) Photolysis of CH20 at 313 nm in the presence of Oz. 
Gas chromatographic analysis of products. Total 
pressure 7-8 Torr CH20. Computer simulation of a 
20 reaction mechanism. 

(i) Photolysis of CH20 or CH3CHO in the presence of 
O2• Intracavity laser spectroscopy of CHO ab-

J. Phys. Chem. Ref_ Data, Vol. 21, No.3, 1992 
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sorbance. No pressure dependence observed be
tween 13 and 100 Torr. 

(j) Flash photolysis of CHzO or CH3CHO; total pres
sures 45 and 500 Torr. [CRO] by resonance absorp
tion at 614.5 nm. 

(k) Computer modelling of 27 reaction mechanism and 
comparison of burning velocities of premixed CHJair 
flames. 

(1) Discharge-flow reactor; [CRO], [HOz], and [OH] 
monitored by laser magnetic resonance. Total pres
sures 1.3-4.1 mbar. Channel (1) was found to be pre
dominant. 

(m) Laser photolysis of formaldehyde or glyoxal; total 
pressures up to 1000 Torr N2• [CHO] by resonance 
absorption. No pressure dependence observed. k in
creased for reaction of Dca indicating that the reac
tion occurs via formation of a HCa02 adduct and not 
by simple hydrogen abstraction. 

(n) Study of lean CHzO I Oz flames burning at 22.5 Torr 
by molecular beam sampling coupled with mass spec
trometric analysis. Combination of their experimen
tal results with the low temperature value k (300 K) 
= 5.8-10-12 cm3 molecule- 1 S-I gave the temperature 
dependent rate parameters. 

(0) Flash photolysis of CH3CHO, photoionisation mass 
spectrometry . 

Preferred Values 

k = 5.D-10- 12 cm3 molecule- 1 S-I over range 300-2500 K 

Reliability 
alog k = ± 0.3 over range 300-2500 K 

J. Phy •• Chem. Ref. Data. Vol. 21. No.3, 1992 

Comments on Preferred Values 
A temperature independent recommendation is given 

because the temperature dependent measurements give 
no or only a very weak dependencelt

•
16

• 

References 

lJ. Peeters and G. Mahnen, 14th Symp. (Int.) Combust., 133 (1973). 
:IN. Washida, R. I. Maninez, and K. D. Bayes, Z. Naturtorsch. Al9, 251 

(1974). 
IT. Tsuboi, Jpn. J. Appl. Phys. IS, 159 (1976). 
+f. L. Osif and J. HeickJen, J. Phys. Chem. 80, 1526 (1976). 
5K. Shibuya, T. Ebata, K. Old, and I. Tanaka, J. Phys. Chem. 81, 2292 

(1977). 
6C. K. Westbrook, J. Creighton, C. Lung, and F. L. Dryer, J. Phys, 

Chem. 81, 2542 (1977). 
'1J, P. Rc;iIIy, J. H. Clcnk, C. B. Moorc;, i1lld O. C. Pin)c;ntc;l, J. Chern. 

Phys. '9, 4381 (1978). 
8J. H. Clark, C. B. Moore, and J. P. Reilly, Int. I. Chem. Kin. 10.427 

(1978). 
9A. Horowitz, F. Su, J. O. Calvert, Int. J. Chem. Kin. 10, 1099 (1978). 
lOY, A. Nadtochenko, O. M. Sarldsov, and V. I. Vedeneev, Dold. Akad. 

Nauk SSSR 224, 152 (1979). 
liB. Veyret and R. Lesclaux. J. Phys. Chem. 85, 1918 (1981). 
12M. A. Cherion, P. Rhodes, R.I. Simpson, and G. Dixon-Lewis, 18th 

Symp. (Int.) Combust., 385 (1981). 
llF. Temps and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 88, 410 

(1984). 
14A. O. Langford and C. B. Moore, J. Chem. Phys. SO, 4211 (1984). 
1SJ. Vandooren, L. Oldenhove de Guertechin, and P. J. van Tiggeien, 

Comb. Flame 64, 127 (1986). 
16R. S. Timonen, E. Ratajczak, and D. Gutman, J. Phys. Ch~m. 92, 651 

(1988). 
17D. L. Baulch, R. A. Cox, R. F. Hampson, J. A. Kerr, J. Troe, and R. 

T. Watson, 1. Phys. Cbem. Ref. Data 9, 295 (198O). 
1
8J. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, 
Springer-Verlag, New York (1984). 

1~. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data IS, 1087 
(1 986}. 



-10.0 

-10.5 

-11.0 

~ 
I 

rn ..... -11.5 
I 

Q) 
.....-4 

;::::1 
() 
Q) 

.-; 

0 

S 
t") -12.0 

S 
() 

"'-.... 
~ --tlO 
0 
~ 

-12.5 

13.0 

-13.5 

-140 

o 

EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

2000 
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CHO + CHO ~ CH20 + CO 

Thennodynamic Data 
t:.Hi98 (1) = -329 kJ mol- 1 

~911 (1) = -32.9 J K-1mol- 1 

Kp(l) = 2.98'10-2 T- 0167 exp(+37773/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rale Coefficient Measurements 
(3-10)'10- 11 298 

298 
298 

Reilly et al. (1978)1 (a) 
(b) 
(c) 
(d) 
(e) 
(0 

3.0010- 11 

2.3,10- 11 

3.4'10- 11 298-475 
296 
295 

Nadtochenko, Sarkisov, and Vedeneev (1979)2 
Hochanadel, Sworsky, and Ogren (1980}1 
Veyret, Lesclaux, and Roussel (1984)4 

4.5'10- 11 Temps and Wagner (1984)5 
7.5'10- 11 Baggott et al. (1986)6 

Comments 

(a) Near-UV pulsed photolysis of formaldehyde; intra
cavity dye laser spectroscopy of CHO absorption at 
613.8 nm or 614.5 nm. Total pressure 10 Torr pure 
formaldehyde. Fitting of a kinetic scheme. Large er
ror limits due to non-uniform distribution of CHO in 
the reaction cell. 

(b) Pulse photolysis of acetaldehyde in Ar; total pres
sures 10-200 Torr. Intracavity dye laser spectroscopy 
ofCHO. 

(c) Flash photolysis of H20 in the presence of CO; total 
pressures 1-3 atm CO. [CHO] and (CH3] monitored 
by UV absorption. Modelling of a 17 reaction mech
anism. 

(d) Flash photolysis of CH20; [CHO] monitored by reso
nance absorption at 614.5 nm. Total pressures 10-20 
Torr. No temperature dependence obseIVed. The ini
tial absolute concentrations of radicals were deter
mined by measuring the yields of molecular hydrogen 
using mass spectrometry in the presence and in the 
absence of hydrogen atom scavengers. 

(e) Isothermal discharge-flow reactor; total pressures 
1.4-4.5 mbar. [CHO], [H02], and [OH] monitored by 
far-infrared laser magnetic resonance. 

(f) Laser flash photolysis of glyoxal or formaldehyde at 
308 nm; time-resolved dye laser absorption of CHO 
at 614.6 nm. Pressure range 10-30 Torr. Discrepan-

J. Phys. Cherr, ~.f. Data, Vol. 21, No.3, 1992 

cies with other results ascribed to differencies in the 
measured absorption cross section of CHO. 

Preferred Values 

k = 5.0.10- 11 at 300 K 

Reliability 
Alog k = ± 0.3 at 300 K 

Comments on Pre/erred Values 
The recommended value and error limits cover scat

tered data available. 
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HCHO{+M} -4 CHO + H{+M} (1) 
-4 CO + H2(+M) (2) 

Thermodynamic Data 
Ml298 (1) = 377 kJ mol- 1 

AS~98 (1) = 121 J K-1mol- 1 
Ml2911 (2) = 5.3 kJ mol- 1 

AS298 (2) = 109.3 J K- 1mol- 1 

Kp(I) = 1.19-104 T0879 exp( -45400/T) atm Kp (2) = 1.36· Hf TO 37 exp( - 895/T) atm 

Rate Coefficient Data (k = k1 + kd 

k [S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
8.0-10- 8 exp( -36300/T)-[M] 1400-2200 Schecker and Jost (1969)1 (a) 

(b) 
(c) 
(d) 
(e) 
(f) 

3.5,10-8 exp( -17700/T)-[M] 1350-1900 Peeters and Mahnen (1973? 
1.7.10- 10 exp( -43800/T)'[M] 1070-1225 Aronowitz et al. (1977)"~ 
2.2,10-8 exp( -35600/T)-[M] 1700-2300 Bhaskaran et al. (1979t 
6.0-10-7 exp( -43800/T)-[M] 1800-2500 Dean et al. (1979)5 
5.5'10-8 exp( -40800/T)-[M] 1600-3000 Dean et al. (1980)6 
4.2·10- lU exp( -14600/T)-[M] 1400-2000 Vandooren and 

Van Tiggelen (1981f 
5.25,10-9 exp( -37700/T)-[M] 2200-2650 Saito et al. (1985)11 

(g) 
(h) 
(i) kl = 2.08'10-8 exp( -39171/T)-[M] 1650-2200 Rimpel and Just (1988)9 

k2 = 5.11:S·lU- 10 exp( -2~IUU/l)-[M] 1900-2400 

Reviews and Evaluations 
8.3.10- 8 exp( -38500/T)-[M] 1000-3000 Warnatz (1984)10 G) 

(k) 2.0-1017 T-6gexp( -48590/T)-[M] 1000-3000 Tsang and Hampson (1986)11 

Comments 

(a) Shock tube study of thermal decomposition of 
HCHO. Analysis by UV and IR absorption. 

(b) Thermal decomposition of HCHO in a flame. Mass 
spectrometric analysis. 

(c) Thermal decomposition of HCRO in a flow reactor. 
Gas chromatographic analysis. 

(d) Shock tube study of HeHO decomposition. Analysis 
by resonance absorption. 

(e) HCRO decay behind reflected shock wave moni
tored by IR emission. 

(0 HCHO/OiAr and HCHO/NiAr mixtures investi
gated behind reflected shock waves; HCHO detected 
by IR emission. M = Ar. 

(g) Thermal decomposition of HCHO in a flame. Mass 
spectrometric analysis. 

(h) Thermal decomposition of HCRO behind reflected 
shock waves. HCRO decay and CO production de
termined by IR emission. H atom production mea
sured by ARAS. M = Ar. Channel (2) appeared to 
have a smaller rate under the experimental condi
tions. 

(i) Thermal decomposition of HCHO behind reflected 
shock wave. H atom production measured by ARAS. 
M = Ar. 

G) Based on the shock tube data of Schecker and Jostl, 
Bhaskaran et al.4, and Dean et aI.5•

6
• 

(k) Theoretical calculation of kl in Ar using RRKM the
ory. 

Preferred Values 

ko(1) = 2.1'10-8 exp{ -39200/T) cm3 molecule- I S-I over 
range 1500- 2500 K 

Reliability 
Alog ko(1) = ± 0.3 over range 1500-2500 K 

Comments on Preferred Values 
The more recent shock tube data are in reasonable 

agreement near 2000 K.and both Saito et al.8 and Rimpel 
and Just9 quote expressions for ko{I). Rimpel and Just 
give an expression for ko(2) for the molecular channel. 
which gives rates faster than obtained for ko(l) at temper
atures near 2000 K, while Saito et al.8 suggest that chan
nel (2) is slower. The situation regarding channel (2) is 
therefore unclear and we are unable to recommend val
ues for ko(2). The preferred expression for ko{l) is that of 
Rimpel and Just which gives values consistent with the 
other recent studies over the temperature range speci
fied. The reaction is second order under all conditions 
where it has been studied and there is no information on 
fall-off. 
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HCHO + M ~ HCO + H + M 
~ H2 + CO + M 

EXPERIMENTAL DATA 

Schecker and Jest 1969 
Peeters and Mahnen 197.3 
,\ronow:iz cl oi 1 977 

i3haskoron et oi 1979 
Dean ei 01 1979 
Dean et 01 1 980 
IIandooren and lion TIggelen 1981 
So.to et 01 1985 
R:mpel and "';;Sl (1'2) 1989 
R.mpei and J.;st (y.1) 1989 

Th;s Recommendal.on (;':1) 1989 

T/K 
2000 1000 

-r 

1 0 
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CH20H + O2 ~ CH20 + H02 

Thennodynamic Data 
AH~(I) = -87.94 kJ mol-1 

M~(1) = -14.14JK-lmol-l 
K,,(300) = 2.08·1ij6 

Rate Coefficient Data 

k[ em3 moleeule- 1 S-1 ] T[ K] Reference Comments 

Rate Coefficient Measurements 
1.(}O1O- 11 exp( - 2640/T) 453 Basevich et al. (1975)1 (a) 
1.7·to- 12 exp( -3000/T) 1800-1600 Westbrook and Dryer (1979)3 (b) 
2·to- 12 300 Radford (1980t (e) 
2.3·to- 10 exp( -2525/T) 1000-2000 Vandooren and van Tiggelen (1980)5 (d) 
1.7.10- 11 1300-1750 Tsuboi and Hashimoto (1981)6 (e) 
1.7.10- 11 exp( -3620/T) (300-2000) Dove and Warnatz (1983)11 (f) 
1.4·to- 12 298 Wang el al. (1984)9 (g) 
9.5,10- 12 298 Grotheer et al. (1985)10 (h) 
10.2·to-12 296 DODe el al. (1985)11 (i) 
8.6.10- 12 298 Payne el al. (1988)12 (j) 
2.5,10- 9 r- 1 298-682 Grotheer et al. (1988)13 (k) 

+4.0010- 10 exp( -2525/T) 
8.6,10-12 300 Nesbitt el al. (1988i4 (1) 
7.5·to- 12 250 
4.9-to- 12 239 
3.3·to- 12 230 
2.5·to- 12 215 
8.8·to- 12 298 Pagsberg et al. (1989)15 (m) 

Comments 

( a) The rate coefficient for CH30H + 0 was measured 
between 350-800 K in a discharge flow reactor under 
very large (= 101smolecule cm -3) concentrations of 
both reactants. The residence time was poorly de
fined. k was derived by simulating the stable end
product profiles as measured at 453 K. Therefore, 
the value on k is probably unreliable. It is quoted 
again in Ref. 2. 

(b) The quoted expression has been used to simulate the 
profiles of stable endproducts, as measured for 
methanol oxidation in a turbulent flow reactor. 

(c) Discharge flow reactor with CH30H + CI as CH20H 
source. Title reaction was isolated. k was obtained 
from relative H02 measurements (LMR) by varying 
the O2 concentration for a fixed residence time. This 
actually yields k relative to the wall loss rate coeffi
cient. This may introduce a considerable error. Rad
ford was the first to show that this reaction is much 
fa~ter than the c..orresponc1ing CH30 + O 2 • Since 
then CH30HlCV02 has been widely used as H02 
source. 

(d) Mass spectrometric investigation of three low pres
sure (53 mbar) methanol flames ( 4> = 0.89, 0.36, 
0.21). Aside from other labile species, CH20H/CH30 
has been detected. Unfortunately, the latter two spe
cies could not be discriminated and their calibration 
seems somewhat unclear. 

(e) Shock tube at densities between 6.1018 and 1.2.1020 

molecules cm-3
• Ar. Highly diluted methanol oxygen 
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mixtures (cf> = 0.2 to 2.0 ). Profiles for CH30H, HzO, 
CO2, CO, and CH20 were measured by IR emission. 
k was obtained by simulating the system. 

(f) Calculation study of the burning velocity of 
methanol/air mixtures. Title reaction is one of the 40 
reaction set. This expression for k is also recom
mended in Ref. 8. 

(g) Discharge flow reactor. Method very similar to Ref. 
4 with the exception that H02 was monitored by OH 
(A 2I ~ X 21T) photofragment emission. See comment 
(c) for disadvantages of the method. Further proh
lems might have been introduced by the use of very 
high (- 1014 molecules cm -3 ) initial Ch concentra
tions, so that subsequent reactions like CH20H + 
Cb and CH20H + CH20H might have played a role 
which was not accounted for. 

(h) Discharge flow reactor. Source: CH30H + Cl. Title 
reaction was isolated. k from CH20H profiles, mea
sured by a mass spectrometer. From absolute CH20 
measurements, it was concluded that this channel is 
m~jor. 

(i) Method as above (h), however CH20H monitored by 
LMR. From H02 built-up rates, it was concluded, 
that the H02 (+ CH20) channel is major. No pres
sure dependence for k in the range 0.7 to 6.5 mbar. 
This led to the suggestion that the reaction proceeds 
via an excited state of a bound intermediate. 

0) Method as above. Mass spec;trometric; elbOlI detec
tion. 

(k) Method as above. Significant non-Arrhenius be
haviour of k in the temperature range used. This led 
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to the interpretation of the reaction being composed 
of a path via an adduct and an abstraction path dom
inating at high temperatures. This picture is con
firmed by the absence of a CH20H/CHzOD isotope 
effect at ambient temperature. 

(1) Method as above. Extension to temperatures below 
ambient. Large intercepts in the k I vs. [02] plots may 
indicate a wall problem, particularly at lower temper
atures. 

(m) Static reactor, 1000 mbar, Ar. CH20H source was 
CH30H + F. F atoms were produced from pulse ra
dialysis of SF6. CH20H detection by UV absorption. 

Preferred Values 

kl 2.6,10-9 T- 1 + 1.2.10-10 exp( -1800/T) cm3 

molecule -1 s -1 over range 300-1200 K 

Reliability 
alog kl = ± 0.1 at 300 K increasing to ± 0.3 at 1000 K 

Comments on Preferred Values 
For the six most recent studies there is an exellent 

agreement at ambient temperature. The low temperature 
branch of Ref. 13 has been slightly adjusted to yield the 
mean of these studies. 

For the abstraction channel a common fit for the mea
surements of Ref. 5 and Ref. 13 has been used. 

For temperature below ambient, no recommendation 
is possible. 
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CH30(+M) ~ HCHO + H(+M) 

Thermodynamic Data 
A1rm = 85.8 kJ mo)-l 
AS"298 = 105 J K -lmol-1 

Kp = 6.67-10" ro·67 exp( -10300IT) atm 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
No experimental data 

Reviews and Evaluations 
k",,/S-l 
1.& 1014exp( - 13800IT) 
3.0-1014 exp( -13000IT) 
2.5·1013exp( -13800IT) 

N/A Batt (1979)1 (a) 
1000 Greenhill el al. (1986)2 (b) 
N/A Batt (1987)3 (a) 

kolcml molecule-1 5-
1 

1.7·10-10exp( -12640IT) , [M] = N:z 
8.0-10-" exp( -10830/T) , [M] == Nz 
3.16·lOZ T-2.7exp( -15400IT) 

300-2000 Wamatz (1984t (c) 
600-1000 Greenhill et al. (1986y (b) 
300-2000 Tsang and Hampson (1986)5 (d) 

comments 

(a) Based on the thermochemistry and estimated A 
factor. 

(b) Theoretical prediction using RRKM theory and tak
ing into account fall-off effects. Similar treatment for 
CH20H decomposition. 

( c) Based on the interpretation of complex mechanisms 
in shock tube studies of Bowman6

, Brabbs and 
Brokaw', and Tsuboi and Hashimoto8

, and flow sys
tem studies of Westbrook and D ryer9. 

(d) Based on k"" from Ref. 1 and RRKM calculations. 
Strong collision values given, as well as collision effi.: 
ciency effects in tabular form. 

Preferred Values 

ko = 3.16·1Q2 T-2.7 exp( -15400/T) cm3 molecule- 1 S-1 

over range 300-1000 K 

Reliability 
Alogk = ± 1.0 

Comments on Preferred Values 
There are no direct measurement on this reaction. The 

reaction is under practically all conditions in combustion 
systems in the second-order region. The recent estimates 
of Greenhill et al.2 and Tsang and Hampsons are in mod
erately good agreement and give values of ko which are 
considerably higher than earlier estimates. The recom
mendation of Tsang and Hampson is accepted. The rec
ommended expression is the strong collision rate 
coefficient. For collision efficiency effects refer to Tsang 
and Hampson5

• 
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Thennodynamic Data 
~98 = -122 kJ mol- 1 

AS"298 = 14.11 K-lmol-l 
Kp = 4.63 T-o.Z8 exp( + 14500/T) 

Rate Coefficient Data 

k[ em3 molecule-1 S-1 ] T[K] Reference Comments 

Rate Coefficient Measurements 
1.05,10-13 exp( -1310fT) 
5.5-10- 14 exp( -l000/T) 

413-628 
298-450 

Gutman, Sanders, and Butler (1982)1 
Lorenz et al. (1985)2 

(a) 
(b) 

Reviews and Evaluations 
1.1.10-13 exp( -1310/T) 
1.66'10~11 exp( - 3610/T) 
1.1.10-13 exp( -1310/T) 
3.9-10- 14 exp( -900fT) 

298-630 
300-2000 
413-608 
200-300 

CODATA (1984)3 
Wamatz (1984t 

(c) 
(d) 
(e) 
(f) 

Tsang and Hampson (1986)5 
NASA (1987t' 

Comments 

(a) Laser photolysis of CH30NO at 266 nm; CH30 mon
itored by LIF. Psuedo first order conditions with ex
cess 02. 

(b) Laser photolysis of CH30NO at 248 nm; CH30 decay 
in excess 02 monitored by LIF. k independent of 
pressure between 100 and 200 mbar. 

( c) Based on data of Gutman et al. I and earlier relative 
rate studies. 

(d) Based on earlier relative rate studies and estimates of 
k from shock tube and other high temperature stud

. ies. 
(e) Accepts the recommendation from CODATA 3. 

(t) Based on data of Lorenz et al. 2• 

Preferred Values 

k 6.7-10- 14 exp( -1070/T) cm3 molecule-Is-lover 
range 300-1000 K 

Reliability 
Alogk - ± 0.2 at 500 K increasing to ± 0.3 at 300 K 

and 1000 K 

Comments on Pre/erred Values 
The new data from Lorenz et al.2 extend the tempera

ture range for which direct measurements of k are avail
able down to room temperature. The agreement with 
earlier relative rate measurements at 298 K is reasonable 
and both sets of direct measurements agree well near 
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450 K. The temperature dependence in the new study is 
lower than found by Gutman et al.1 which may indicate 
non-Arrhenius behaviour; however in view of the limited 
range covered by the data and the uncertainties, we rec
ommend an Arrhenius expression obtained by least 
squares fit to the data of Gutman et al.1 and Lorenz 
et al.2

, applicable up to 1000 K. 
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CH300H(+M} ~ CH30 + OH(+M} 

Thermodynamic Data 
Ml'298 = 180 kJ mol- 1 

Rate Coefficient Data 

k[S-l] T[ K] Reference Comments 

Rate Coefficient Measurements 
k"" = 1.0-1011 exp( -16360/T) 565-051 Kirk (1965)1 (a) 
kOlJ ~ 0.0085 553 Kaiser et al. (1986)2 (b) 

Reviews and Evaluations 
k"" = 4'1015 exp( -21640IT) N/A Benson (1981)3 (c) 

Comments 

(a) Pyrolysis of CH300H in gas phase by toluene carrier 
method. 

(b) Static pyrolysis of CH300H; mass spectrometric de
tection of parent ion. Upper limit value. Recom
mended expression based on estimate by Benson4 of 
activation energy of 190 kJ mol-1 was 6.5.1014 

exp( - 216401T) S-1. 

(c) Based on thermochemistry together with an assumed 
temperature independent value for the reverse reac
tion. 

Preferred Values 

koo = 4,1015 exp( -21600/T) S-1 over range 400-1000 K 

Reliability 
alog koo ± 0.5 at 600 K increasing to ± 1.0 at the 

end of range 

Comments on Preferred Values 
The earlier experimental data of Kirk give low values 

of both the activation energy and the A factor compared 
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with those expected from thermochemical kinetic consid
erations". The author reported problems with heteroge
neous reactions and these also are a potential problem in 
the work of Kaiser et al.2. The preferred values are based 
on experimentally derived Arrhenius expressions for de
composition of C7·hydroperoxides5

, which agrees, within 
the stated uncertainty, with the value of k", estimated 
from thermodynamic considerations. The main uncer
tainty arises from the unknown effects of fall-off on the 
rate at the temperatures where this reaction is important 
(500-700 K), which are almost certainly quite substantial, 
but not enough to account for the very low values of A 
and Ea reported by Kirk!. 
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eN + O2 ~ NCO + 0 

Thennodynamic Data 
tJ:fi98 - 26.6kJ mol- 1 

A.S>298 = -14.5 J K-1mol- 1 

Kp =3.44-10- 4 T0 91Sexp( + 3500fT) 

Rate Coefficient Data 

T[ K] Reference Comments 

Rate Coefficient Measurements 
1.35-10-11 300 Whyte and Phillips (1983)1 (a) 
1.25.10- 11 (v = 1) 
7.9'10- 12 2400 

300 
Louge and Hanson (1984)2 (b) 

(c) 2.0-10- 11 Li, Sayah, and Jackson (1984)3 
2.4-10- 11 (v = 1) 
2.6.10- 11 294 Lichtin and Lin (1985)4 (d) 

(e) 
(f) 
(g) 
(h) 

2.4.10- 11 

8.1,10- 12 2195-3390 
295 
295 

294-761 

Thielen and Roth (1987)5 
1.86-10- 11 

1.82.10- 11 

1.25.10- 11 exp( +205IT) 

deJuan, Smith, and Veyret (1987)6 
Anastasi and Hancock (1988)' 
Sims and Smith (1988t 

Reviews and Evaluations 
41"),10- 11 eXJl( - 450fT) 
1.1-10- 11 exp( + 205fT) 

290-400 
290-760 

Baulch et ol. (1 9Rl)9 
CODATA (1989)10 

(i) 
(j) 

Comments 

(a) Fast flow system. eN radicals generated from (CN)2 
by ArF laser pulses. Decay of [CN, v = 0, v = 1] in ex
cess 02 monitored by laser induced fluorescence. 

(b) Shock tube study on Ozl(CN}JAr mixtures. [CN] 
monitored by absorption at 388 nm. Data of [CN] 
analysed numerically in terms of 27 reaction mecha
nism. Fitting gives k. Sensitivity to assumed rate coef
ficient checked. 

( c) Pulsed laser photolysis of (CN)2I Ar/02 mixtures. [CN, 
v = 0, v = 1] monitored as a function of time by laser 
induced fluorescence. 

(d) Pulsed laser photolysis of ICN/02lAr mixtures in 
flowing system. [CN] monitored as a function of time 
at both 388 nm and 619 nm, the latter giving the less 
precise of the two values of k tabulated. 

(e) Shock wave study using reflected shocks in HCNf02 
mixtures in Ar at 1.5-1.9 atm total pressure. (H], [0], 
[N] monitored by resonance absorption. [H], [0], [N] 
profiles computed from large reaction mechanism 
and fitted to experimental results. Sensitivity of fit to 
k checked. 

(t) Laser pulsed photolysis of ICN in flow system with 
laser induced fluorescence determination of [CN]. 
Total pressure 10-30 Torr. 

(g) Flash photolysis of (CN)2 in Ar in flow system with 
laser induced fluorescence determination of [CN]. 

(h) Pulsed laser photolysis of flowing NCNOfAr mixtures 
at 532 nm. [CN] monitored by laser induced fluores
cence. 

(i) Based on limited low temperature data. 
0) Accepts temperature coefficient of Sims and Smith8. 

Preferred Values 

k ::;;: 1.1,10- 11 exp( + 205fT) cm3 molecule-1 S-1 over 
range 298-2500 K 

Reliability 
alog k ::;;: ± 0.25 at 298 K rising to ± 0.5 at 2500 K 

Comments on Pre/erred Values 
Measurements up to 1981 have been reviewed6

• Only 
more recent values are tabulated here. 

At temperatures close to 300 K the available data 
range over a factor of 31,3,4,6,7,8,11,12,13,14,15,16,19. The tech-

niques used have been very simi1ar and it has been sug~ 
gested that the lower results might arise from population 
of the monitored v levels by quenching of higher v levels3

• 

The most recent studies3.4·6,7,8 are in reasonable agree
ment giving a mean value of 2.1,10-11 cm3 molecule- 1 S-I. 

The measurements at higher temperatures are few and 
It:ss prt:dst: but suggt:st that k has little or no temperature 
dependence2.5,17. This is in accord with the temperature 
dependence of k recently measured by Sims and Smith8 

which value we accept as the basis for the recommended 
expression. 

The reaction has an alternative, highly exothermic 
channel giving CO + NO (M-J --455 kJ mol-I). The 
experimental evidence suggests that it is unimportant 
both at high and low temperatures 2,18. 
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CN + H20 --+ HCN + OH (1) 
--+ HOCN + H (2) 

Thennodynamic Data 
Mr298 (1) == -19.2 kJ mol- 1 

~8 (1) = -5.91 J K-1mol- 1 
4!-r,.98 (2) == 15.1 kJ mol- 1 

AS"298 (2) = -28.78 J K-1mol- 1 

~(1) = 4.79-10-3 T".687exp( +2S20IT) ~(2) = 4.97'10-5 T".941exp( -1493IT} 

Rate Coefficient Data (k = k1 + k2) 

T[ K] Reference Comments 

Rate Coefficient Measurements 
kl = 3.8·10- 11exp( -6700/T) 
kl = 1.3·1O- llexp( -3750/T) 

850-2600 
518-1027 

Szekely, Hanson, and Bowman (1984)1 
Jacobs et ale (1988)2 

(a) 
(b) 

Reviews and Evaluations 
Baulch el ale (1981)3 (c) 

Comments 

(a) Shock tube studies of CzNJHzO/Ar mixtures. [CN] 
and [OH] monitored by broad band absorption spec
troscopy at 388 nm and narrow-line laser absorption 
at 306.67 nm respectively. Computer fit of data to as
sumed reaction mechanism shown to be sensitive to 
k1• Values of kl from this study combined by authors 
with data of Fritz et al.4 on the reverse reaction and 
with the equilibrium constant to obtain quoted ex
pression for k1• 

(b) Laser photolysis at 193 nm of flowing C2N:zIN2 mix
tures. [eN] in the v =0 and v = 1 states and [OH] 
were monitored as function of time by laser induced 
fluorescence. 

( c) Quotes early work of Paul and DalbyS which appears 
to give too high a value of k1• No recommendation 
made. 

Preferred Values 

kl 1.3·10-11exp( -37S0IT) cm3 molecule- 1 S-1 over 
range 500-3000 K 

Reliability 
alog kl = ± 0.3 at 500 K rising to ±O.S at 3000 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Comments on Preferred Values 
The recommended expression is that of Jacobs et al.2• 

It it is extrapolated to high temperatures it gives values of 
kl in good agreement with measured values of Szekely 
et al.1

• The measurements of kl by Szekely et al.are likely 
to be valid but by combining them with data on the re
verse reaction at lower temperatures and equilibrium 
data, they obtain an erroneous rate expression for kt • 

The other channel, (2) has been invoked to explain 
some features of nitrogen containing flames6 but there is 
no direct evidence for its occurrence. 
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lAo Szekely, R. K. Hanson, and C. T. Bowman, Int. J. Chem. Kin. 16, 
1609 (1984). 

2A. Jacobs, M. Wahl, R. Weller, and J. Wolfrum, Chern. Phys. Lett. 144, 
203 (1988). 

3D. L. Baulch, J. Duxbury, S. J. Grant, and D. C. Montague, "Evaluated 
Kinetic Data for High Temperature Reactions. Volume 4". J. Phys. 
Chem. Ref. Data. 10, Supplement 1,635 (1981). 

4B. Fritz, K. Lorenz, W. Steinert, and R. Zellner, Oxid. Comm. 6, 363 
(1984). 

sO. E. Paul and F. W. Dalby, J. Chem. Phys. 37, 592 (1962). 
6B. S. Haynes, Comb. Flame 28, 113 (1972). 
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CN + CH4 -+ HCN + CH3 
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Thermodynamic Data 
llH'2w = -79.4 leI mol- 1 

,M0298 = 7.18 J K-1mol- 1 

K,. =9.79-10- 2 TO.S46 exp( + 9570/T) 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
5.0010-13 293 Schacke. Wagner, and Wolfrum (1973)1 (a) 

(b) 

(c) 
(d) 

1.1'10- 12
, CN" - 1 

5.6,10- 13 300 Li, Sayah, and Jackson (1984)2 
8.3'10- 13, CN ... _ 1 

1.1.10-12 

7.8'10 13 

294 
298 

Lichtin and Lin (1985)3 
Balla anti Pasternack. (1987)4 

Reviews and Evaluations 
Baulch et 01. (1981)5 (e) 

Comments 

(a) Flash photolysis of CIL{0.037-O.4 Torr)/C2N2(0.05-
0.2 Torr)/He mixtures. Total pressure 4-5 Torr, in a 
flowing system. [CN] monitored by kinetic absorption 
spectroscopy at 388 nm. 

(b) Pulsed laser photolysis of C2N2/Ar/CH4 mixtures. 
[CN (v = 0, v = 1)] monitored as a function of time by 
laser induced fluorescence. 

(c) Pulsed laser photolysis of ICN/CIL/Ar mixtures in 
flowing system. [CN] monitored as a function of time 
at 388 nm by laser induced fluorescence. 

(d) Laser photolysis of C2N2(0.05-O.3 Torr)/CIL(0-0.15 
Torr) mixtures with He, N2, or Ar bath gas. Total 
pressures 1-200 Torr. [CN] decay and HCN forma
tion monitored by diode laser absorption spec
troscopy at 2015.22 cm- 1 and 3280.987 cm- 1 

respectively. 
(e) Review of all data up to 1980; no recommendation. 

Preferred Values 

k = 1.5·10- 11exp( -940/T) cm3 molecule- 1 S-1 over range 
260-400 K 

Reliability 
~log k = ± 0.3 over range 260-400 K 

Comments on Pre/erred Values 
Experimental work on this reaction is largely confined 

to T < 400 K. The only higher temperature study by Bo
den and Thrush6 yielded only an upper limit which does 
not correlate well with the lower temperature studies. 

The results at 300 K range over a factor of 2 but the two 
studies of the temperature coefficient of k are in good 
agreement. The recommended values are based mainly 
on the work of Schacke et al.9 and Bullock and Cooper'·8. 

The rate of the reaction is increased by vibrational ex
citation of the'CN and several of the rate coefficients for 
CN(v = 1} have been determined1•2•9• 

References 
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Phys. Cbem. 77, 248 (1973). 

2X. Li, N. Sayah, and W. M. Jackson, J. Chern. Phys. 81, 833 (1984). 
3D. A. Lichtin and M. C. Lin, Chern. Phys. 96, 473 (1985). 
4R. J. Balla and L. Pasternack, J. Phys. Chem 91, 73 (1987). 
5D. L. Baulch, J. Duxbury, S. J. Orant, and D. C. Montague, "Evaluated 

Kinetic Data for High Temperature Reactions", Vol. 4: Homoge
neous Gas Phase Reactions of Halogen- and Cyanide-containing Spe
cies, J. Phys. Chem. Ref. Data 10, Suppl. 1 (1981). 

6J. C. Boden and B. A. Thrush, Proc. Roy. Soc. AJOS, 107 (1971). 
7G. E. Bullock and R. Cooper, Trans. Faraday Soc. 67, 3258 (1971). 
80. E. Bullock and R. Cooper. J. Chem. Soc., Faraday Trans. I, 68, 2185 

(1972). 
9H. von Schacke, H. Og. Wagner, and 1. Wolfrum, Ber. Bunsenges. 
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NCO(+ M) ~ N + CO(+M) 

697 

Thermodynamic Data 
AfJ.029K == 203 kJ mol- 1 

as~911 119 J K-1mol-1 

Kp 5,49·1()6 T-O.114 exp( - 24560IT) atm 

Rate Coefficient Data 

Reviews and Evaluations 
2.1,10-20 

1.7'10-9 exp( -23450IT) 
1.7.10- 11 TO S exp( -20600IT) 
8.1,10- 11 exp( -31800IT) 
8.8,10- 11 TOS exp( -24000IT) 

Comments 

1'[ K] 

1700 
1450-2600 
2240-2955 
2150-2400 
2150-2400 

M 

Ar 
Ar 
Ar 
Ar 
Ar 

(a) Shock tube study on CzNz/Oz/Ar mixtures. Computer 
simulations indicated induction period sensitive to 
this and 3 other reactions in 15 reaction mechanism. 
Only moderate agreement obtained between simula
tion and experiment. 

(b) Shock tube study on HCN/Oz/Ar and HCN/Oz/NO:z/ 
Ar mixtures. Detailed induction time data simulated 
using large reaction mechanisms in which title reac
tion and NCO + 0 -?> CO + NO are key reactions. 

(c) Shock tube study on CzNz/O:z/Ar mixtures. Experi
mental [NO] profiles simulated using 8 reaction 
mechanism. Adjusting title k by factor of 3 hardly af
fected [CN] profile. 

(d) Shock tube study of C2Nz/0z/Ar and C2N:z/0:z/Ar mix
tures. Analysis of [NO] profile in former and [CN] in 
latter gave k(NCO + O)/k(NCO + Ar) = 
10-3

·
07exp( + 31800/T). Quoted expression calculated 

using k(NCO + 0) = 7.0-10- 11 cm3 molecule- 1 S-1 

(this review). 
(e) Shock tube study of C2Nz/N20/Ar mixtures. Analysis 

of [NCO], in conjunction with own earlier results 
(see (d» gavek(NCO + O)/k(NCO + Ar) = 10-31 

T°.5exp( + 24000/T). Quoted expression calculated 
using k(NCO + 0) = 7.0-10-11 em3 moleeule- 1 S-l 

(this review). 

Reference 

Lifshitz and Frenklach (1980)1 
Higashihara et al. (1983)2 
Colket (1984)3 
Louge and Hanson (1984)4 
Louge and Hanson (1984)5 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

k 1.7'10-9 exp( - 23500/T) cm3 molecule- 1 8-1 for 
M=Ar over the range 1450-2600 K 

Reliability 
£\]og k ± 0.4 over the range 1450-2600 K 

Comments on Preferred Values 
We recommend the expression obtained by Higashi

hira et al.2 from analysis of a fairly detailed induction pe
riod data set over a wide temperature range, and 
subsequently corroborated by Louge and Hanson4.5. The 
result of Lifshitz and Frenklach 1 can be considered as a 
preliminary value and the experimental data of Colketl 
were hardly sensitive to the rate of this reaction. 

References 

lA, Lifshitz and M. Frenklach, Int. J. Chern. Kin. 12, 159 (1980). 
2]'. Higashi~ara, K. Saito, and I. Murakami, J. Phys. Chem. 87,3707 

(1983). 
3M. B. Colket, Int. J. Chern. Kin. 16. 353 (1984). 
4M. Y. Louge and R. K. Hanson, Int. J. Chern. Kin. 16, 231 (1984). 
SM. Y. Louge and R. K. Hanson, Comb. Flame 58, 291 (1984). 
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NCO + NO ~ N20 + CO (1) 
--+ N2 + CO2 (2) 
--+ N2 + CO + 0 (3) 

Thennodynamic Data 
AIr298 (1) = -278 kJ mol-1 

M<'298 (1) = -25.4 J K-lmol-l 
M:I'1.98 (2) = - 643 kJ mol- 1 

M<'298 (2) = -37.5 J K-lmol-l 
K,,(I) = 0.164 T-O.l90 exp( + 33400IT) K,,(2) = 7.22,10-2 T-O'29S exp( + 77300IT) 

M:I'1.98 (3) = -111 kJ mol-1 

M<'298 (3) = 107 J K- 1mol-1 

K,,(3) = 2.96·1()6 T-O.219 exp( + 13100IT) atm 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[ K] Referencp. Comments 

Rate Coefficient Measurements 
1.66'10-12 

1.69-10-11 exp( + 197fT) 
3.4'10-11 

1329-1846 
294-538 

295 

Fifer and Homes (1982)1 
Perry (1985)2 

(a) 
(h) 
(c) Hancock and McKendrick (1986)3 

Comments 

(a) Shock tube study of HCN/N02iAr mixtures. [N02] 

monitored by absorption at 450 nm. [NO·], [OH
a
], 

and [NOi] monitored by emission at 237, 307, and 
427.5 nm respectively. Value of k obtained is only an 
estimate from computer modelling of reaction mech
anism. 

(b) Flowing system. NCO produced by pulsed laser pho
tolysis of HCNO/Ar/NO mixtures. Decay of [NCO] 
monitored using laser induced fluorescence at 416.8 
nm. 

(c) NCO produced by infrared multiphoton dissociation 
of phenyl isocyanate. Decay of [NCO] in large excess 
of NO monitored by laser induced fluorescence at 
438.48 nm. This work supersedes earlier similar stud
ies4,s in which vibrational excitation of NCO may 
have influenced results. 

Preferred Values 

k 1.7-10-11 exp( +200/T) cm3 molecule- t S-1 over 
range 300-600 K 

Reliability 
&log k = ± 0.5 over range 300-600 K 

Comments on Preferred Values 
The preferred expression is that of PeI'J'f which is in 

good agreement with the results of Hancock and 

J. Phya. Chem. He'.i, Vol. 21, No.3, 1992 

McKendric}CJ at ambient temperatures. These are the 
only direct measurements and therefore we assign fairly 
large error limits. The only available value of k at higher 
temperatures is a very indirect determination which is an 
order of magnitude lower than that obtained by extrapo
lation of our recommended expression. We therefore 
limit our recommendation to the low temperature region. 

There have been no studies of the branching ratios. 
Both Perryl and Hancock and McKendrick3 have sug
gested that reaction (1) is the dominant channel as (2) 
and (3) are likely to have significant energy barriers, reac
tion (2) proceeding via a triplet surface and (3) requiring 
a 1,3 oxygen migration via a 4 centre transition state. Fur
thermore, Hancock and McKendrick3 obselVe no NO + 
o recombination afterglow in their experiments, thus 
suggesting the absence of channel (3). 

References 

lR. A. Fifer and H. E. Homes, J. Phys. Chem. 88, 2935 (1982). 
2R. A. Peny, J. Chem. Phys. 82, 5485 (1985). 
30. Hancock and K. O. McKendrick, Chem, Phys. Lett. 127, 125 (1986). 
40. Hancock and O. W. Ketley, J. Chem. Soc. Faraday Trans. 11,78, 

1283 (1982). 
5J. L. Cookson, O. Hancock, and K. O. McKendrick, Ber. Bunsenges. 

Pbys. Cbem. 89, 5484 (1985). 



EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 

C2H + O2 ~ CH + CO2 (1) 

Thennodynamic Data 
illf298 (1) = -360 kJ mol- 1 

M~8 (1) = 15.8 JK-1mol- 1 

Kp (1) = 4.69-102 T- O lSI! exp( + 43400IT) 

AIr298 (3) = -134 kJ mol- 1 

AS"298 (3) = 2.67 J K -lmol- 1 

Kp (3) 2.70-10-2 TO.616 exp( + 16200IT) 

~ H + 2 CO (2) 
~ 0 + C2HO (3) 
~ CHO + CO (4) 

M-Pl.,)8 (2) = - 564 kJ mol- 1 

~98 (2) = 97.2 J K-Imol-l 
Kp (2) = 6.41.104 T0 176 exp (+67700IT)atm 

tJri'J8 (4) -628 kJ mol- 1 

~98 (4) = 9.65 J K-1mol-1 

Kp (4) 1.79·102 T -0596 exp( + 153001T) 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

Rate Coefficient Measurements 
= 3.3'10- 12 

1.7,10- 11 exp( -5032/T) 
2.1,10- 11 

k3 = 1.0- 10- 12 

k4 = 4.0-10-12 

4.2'10- 11 

Reviews and Evaluations 
8.3'10- 11 

5.0-10- 12 

Comments 

T[ K] 

320 
1400-2600 

300 
295 

298 

>300 
300-2500 

Reference 

Lange and Wagner (1975)1 
Shaub and Bauer (1978)2 
Renlund et al. (1981, 1982)3.4 
Laufer and Lechlcider (1984)5 

Stephens et al. (1987t 

Warnatz {1984}' 
Tsang and Hampson (1986)11 

Preferred Values 

(a) Flow reactor; CzH from microwave discharge of 
CzHBr/He; mass spectrometric product analysis. To

. tal pressure 4.1 Torr. [C2HO] observed, no CHO or 
CzO detected; (3) supposed to be the main reaction 
channel. Lower limit of k. 

k = 3.0-10- 11 cm3 molecule- 1 S-1 at 300 K 

Reliability 
£lIog k ± 0.5 at 300 K 

Comments on Pre/erred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 

699 

(b) Shock heating of C2H:zfO:zfAr mixtures. Final product 
concentrations by gas chromatography. Numerical 
modelling of 17 reaction mechanism. 

(c) UV or IR photodissociation of C2HCF3, CzHCHO, 
Cl H2, or C2HBr. Observation of CH(A2~_X2ll) and 
CO(a 13I.±a 3ll) chemiluminescence at 432.6 nm and 
790 nm and of COz(AV 3 1) emission at 2300 em-t. 
Total pressures 0.2-2.0 Torr He or Ar. CO and CH 
emissions independent of the nature of the buffer gas 
(He, Ar, N2, or Xe) and of its pressure (0.6-100 
Torr). They propose the formation of an intermedi
ate peroxy species with enough vibrational energy to 
allow significant rearrangements of the nuclei during 
the course of the reaction. 

The larger rate coefficient based on Refs. 3,4,6 is taken 
as the recommendation due to the modern methods used. 
From the measurements of Laufer and Lechleider the 
product channel (4) seems to be the most important one 
which is similar to channel (2) at high temperature. 

(d) Flash photolysis of CF3CzH; gas chromatographic 
sampling; [CO] by absorption at 154.4 nm. Reaction 
rates indendent of pressure in the range 50-600 Torr 
(He or N2). Lack of CHO detection in Ref. 1 ex
plained by low detection limit and fast consumption 
ofCHO. 

(e) Flash photolysis of CF3C2H at 193 nm; IR absorption 
of ground state C2H at 3594.4 cm- I• Total pressure 
20 Torr He; SF6 added to ensure rapid vibrational re
laxation of C2H. 

References 

lW. Lange and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 79, 165 
(1975). 

2W. M. Shaub and S. H. Bauer, Comb. Flame 32, 35 (1978). 
3 A. M. Renlund, F. Shokoohi, H. Reisler, and C. Wittig, Chern. Phys. 

Lett. 84, 293 (1981). 
4A. M. Renlund, F. Shokoohi, H. Reisler, and C. Wittig, J. Phys. Chern. 

86, 4165 (1982). 
sA. H. Laufer and R. Lechleider, J. Phys. Chern. 88, 66 (1984). 
6J. W. Stephens, J. L. Hall, H. Solka, W. -8. Yan, R. F. Curl, and G. P. 

Glass, J. Phys. Chern. 91, 5740 (1987). 
7J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Glass, J. Phys. Chern. 91, 5740 (1987). 
IlW. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 

(1986). 
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C2H + H2 ~ H + C2H2 

Thermodynamic Data 
AIr298 = -116 kJ mol- 1 

~298 = -22.S J K- 1mo1-1 

~ 1.38-10-4 TO.866 exp( .... 14300/T) 

Rate Coefficient Data 

T[ K] Reference Comments 

Rate Coefficient Measurements 
..., 1.7-10-13 

1.5,10-13 

9.3-10- 12 

1.2-10-11 

320 
298 

625-3400 
300 

1800-2500 

Lange and Wagner (1975)1 
Laufer and Bass (1979)2 
Tanzawa and Gardiner (1980) 3 

Renlund etal. (1981)4 

(a) 
(b) 
(c) 
(d) 
(e) 1.3,10-11 Koike and Morinaga (1981)5; 

3.9-10-13 

1.2-10- 11 

4.8.10- 13 

298 
2300-3200 

298 

cott. by Gardiner et al. (1985)6 
Okabe (1981Y (f) 

(g) 
(h) 

Kiefer et al. (1983)8 
Stephens et al. (1987)9 

Reviews and Evaluations 
2.5-10- 11 exp( -1564IT) 
1.9-10-11 exp( -1443/T) 
1.8-10-11 exp( -1455/T) 

300-3000 
300-2800 
300-2500 

Wamatz (1984)10 
Gardiner et al. (1985)6 
Tsang and Hampson (1986) 11 

Comments 

(a) Flow reactor; C2H from microwave discharge of 
C2HBrlHe. Mass spectrometric product analysis. To~ 
tal pressure 4.2 Torr. Lower limit of k. 

(b) VUV fla5h photol~is of C:zH2 with and without 
added Hz; [CHz] by gas chromatographic sampling 
and VUV absorption at 144.6 nm. Total pressures 20 
or 700 Torr He. 
k(C2H + H2)/k(C2H + C2Hz) = 4.9'10-3. Given 
value based on k(C2H + C2H2) = 3.1,10-11 cm3 

mo]ecule- 1 S-I. 

(c) Modelling study of C2H2 pyrolysis in shock tubes, 
flow reactors, and bulb dissociation experiments. 
Wrong data transcription in the table; corrected in 
Ref. 6. 

(d) UV or IR flash photolysis of C2H2, C2HBr, or 
C~CHO. CH(A 2 ~-X2II) and C02 chemilumines~ 
eenee at 432.6 nm and 2300 cm- I

• Total pressures 
200-800 mTorr Ar or He_ k measured relative to re~ 
action with 02. The authors do not exclude the possi
bility of Cili reacting from an excited state. 

(e) Shock heating of C2tb, C2H2IH2, or C2H4 in U.5 atm 
Ar. Absorption measurements at 216 nm and 230 nm. 
NumerIcal modelling of 25 reaction mechanism, k 
adjusted to fit the absorption profile of CJlz. Wrong 
thermochemical data for C2H; correction in Ref. 6. 

(f) Photolysis of C2ffi at 147 nm. [CJI2], [C2H4], and 
[C2H2] by absorption measurements at = 165 nm, 
174.4 nm, and 151.9 nm. Relative rate k(CzH + Hz)/ 
k(Cili + C2H2) = 1/130. Given value of k based on 
k(CzH + Cili2) = 5'10-11 cm3 molecule-1 S-I. 

(g) Pyrolysis of C:zH41Kr mixtures behind incident shock 
waves; laser schlieren measurements. Total pressure 
200-750 Torr. Numerical modelling of 29 reaction 
mechanism based on Ref. 3. k adjusted. 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

(h) Flash photolysis of CF3C2H at 193 nm. Ground state 
C2H monitored by IR absorption at 3594.4 cm -I, To· 
tal pressure 20 Torr He; SF6 added to ensure rapid 
vibrational re1axation of C:zH. 

Preferred Values 

k 2.5.10- 11 exp( -1564/T) cm3 molecule-1 S-1 over 
range 300-2500 K 

Reliability 
alog k ± 0.3 at 300 K rising to ± 0.7 at 2500 K 

Comments on Preferred Values 
The recommendation of WarnatzlO is adopted. It gives 

a good representation of the high and low temperature 
data available. 

References 

lW. Lange and H. Gg. Wagner, Ber. Bunsenges. Phys. Chem. 79, 165 
(1975). 
2A. H. Laufer and A. M. Bass, J. Phys. Chem. 83, 310 (1979). 
IT. Tanzawa and W. C. Gardiner, J. Phys. Chem. 84, 236 (1980). 
loA. M. Renlund, F. Sbokoohi, H. Reister, and C. Wittig, Chern. Phys. 

Lett. 84, 293 (1981). 
5T. Koike and K. Morinaga, Bull. Chern. Soc. Jpn. 54, 529 (1981). 
6W. C. Gardiner, T. Tanzawa, T. Koike, and K. Morinaga, Bull. Chern. 

Soc. Jpn. 58, 1851 (1985). 
1H. Okabe, J. Chern. Phys. 75,2772 (1981). 
IIJ. H. Kiefer, S. A. Kapsalis, M. Z. Al-Alami, and K. A. Budach, Comb. 

Flame 51, 79 (1983). 
9J. W. Stephens, J. L. Hall, H. Solka, W. -B. Van, R. F. Curl, and G. P. 

Gloss, J. Phys. Chem. 91,5740 (1987). 
IOJ. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, 

Springer-Verlag, New York (1984). 
l1W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data IS, 1087 
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Thermodynamic Data 
Mrm = -102 kJ mol- 1 

MOm =-43.5 J K-1mol-1 

Kp = 4.46,10-7 Tl.43 exp( + 12600IT) 

Rate Coefficient Measurements 
.... 5'10- 11 

3.1,10- 11 

(5-6.6)010- 11 

1.5.10-10 

R€VU:w3 and Evaluations 
4.0010- 11 

comments 

BAULCH ET AL. 

C2H + C2H2 ~ H + C4H2 

T[ K] 

320 
298 

2300-2700 
298 

300-2500 

Rate Coefficient Data 

Reference 

Lange and Wagner (1975)1 
Laufer and Bass (1979)2 
Frank and Just (1980)3 
Stephens el al. (1987)4 

Tsang and Hampson (1986)' 

Reliability 
Lllog k = ± 0.3 over total range. 

(a) Flow reactor; mass spectrometric product analysis. 
Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

C;:H from microwave discharge of CzHBr/He. Total 
pressure 4.1 Torr. CJfz identified as main product. 
Lower limit of k. 

The recommended rate coefficient is consistent with 
most of the experimental material available. 

(b) VUV flash photolysis of CzHz. CJf2 formation ob
served by gas chromatographic sampling and absorp
tion measurement at 144.6 nm. Total pressures 20 
and 700 Torr He. 

References 

(c) Thermal decomposition of CZH2 and C4Hz behind re
flected shock waves. [H] by atomic resonance absorp
tion spectroscopy at 121.5 nm. Total pressures 1.5-4 
bar Ar. 

lW. Lange and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 79, 165 
(1975). 

2A. H. Laufer and A. M. Bass, J. Phys. Chern. 83, 310 (1979). 
3p. Frank and Th. Just, Comb. Flame 38, 231 (198O). 
4J. W. Stephens, J. L. HaU, H. Solka, W. -B. Yan, R. F. Curl, and G. P. 

(dJ Flash photolysis of CzH2 at 193 nm; [C2H] monitored 
by IR absorption at 3594.4 cm- I

• Total pressure 20 
Torr He; SF6 added to ensure rapid vibrational relax
ation of CzH. 

Glass, J. Phys. Chern. 91, 5740 (1987). 
5W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 

Preferred Values 

k = 5-10-11 cm3 molecule- 1 S-1 over range 300-2700 K. 

Rate Coefficient Measurements 
4.8-10-12 

1.2-10-12 

1.&10-12 

Reviews and Evaluations 
3.() 10-12 exp( - 2501T) 

T[ K] 

298 
297 
298 

300-2500 

J. Phya. Chem. Ret, ;:=~ta, Vol. 21, No.3, 1992 

C:2H + CH4 ~ Products 

Rate Coefficient Data 

Reference 

Renlund etal. (1981)1 
Laufer (1981)2 
Okabe (1981)3 

Tsang and Hampson (1986) 4 

Comments 

(a) 
(b) 
(c) 
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Comments 

(a) Flash photolysis of CZH2, C2HBr, or CzHCO at 
193 nm, or of CzHCO at 953 cm- l

. CH(A2~) from 
C2H + O2 reaction monitored by chemiluminescence 
at 432.6 nm, with and without added C~, [C02] 

monitored by chemiluminescence at 2300 cm -1. Total 
pressures 200-800 mTorr Ar or He. 

(b) VUV flash photolysis of C2HCF3• Gas chromato
graphic sampling, [CzHz] by absorption spectroscopy 
at 152 nm. k independent of pressure between 20 and 
700 Torr. 

(c) Photolysis of C2H2 at 147 nm; [C4Hz], [C2~]' and 
[C2H2] by absorption spectroscopy at = 165 nm, 
17-1..1 nm, and 151.9 nm, respectively. Relative rates 
k(C2H + CRt)/k(C2H + C2Hz) = 4.2/130. k based 
on k(C2H + C2H2) = 5.10- 11 em3 molecule- 1 

S-I. 

Preferred Values 

k =2.0- 10-12 cm3 molecule- 1 
S-1 at 298 K 

Thennodynamic Data 
tJ-rz98 = - 133 k:J rnol- 1 

AS~8 = 16.2 J K-1rnol- 1 

Kp = 4.04·T 0 906 exp( + 12640IT} 

Reliability 
~log k = ± 1 at 298 K 

Comments on Pre/erred Values 
The preferred value is based on all of the available data 

but wide error limits are suggested. 

References 

1 A. M. Renlund. F. Shokoohi, H. Reisler, and C. Wittig, Chem. Phys. 
Lett. 84, 293 (1981). 

2A. H. Laufer, 15th Int. Symp. Free Radicals, Ingonish Beach, Canada 
(1981). 

3H. Okabe, J. Chern. Phys. 75, 2772 (19B1). 
4W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
6.5,10- 12 29B Laufer (1981}1 (a) 

Reviews and Evaluations 
6.0010- 12 300-2500 Tsang and Hampson (1986}2 

Comments 

(a) Photolysis of CzHz at 147 nm; [C.JIz], [CzIL], and 
[C2H2] by absorption spectroscopy at = 165 nm, 
174.4 nm, and 151.9 nm, respectively. Relative rates 
k(C2H + CH4)/k(C2H + C2H2) = 4.2/130. k based 
on k(CzH + C2H2) = 5·10- 11 cm3 molecule- 1 8- 1

, 

Preferred Values 

No recommendation. 

References 

1 A. H. Laufer, 15th Int. Symp. Free Radicals, Ingonish Beach, Canada 
(1981). 

2W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 
(1986). 
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Thennodynamic Data 
Il.H'm ;;;: 158 kJ rnol- 1 

~8 ;;;: 171 J K-1mol- 1 

Kp ;;;: 2.43 T1.5 exp( -18900IT)atm 

Rate Coefficient Data 

T[K] [M] [molecule cm-3] Reference Comments 

Rate Coefficient Measurements 
Intermediate FaN-off Range 
1.3·10-g

exp( -15SOOIT) [Ar] 
l.&lO- 11exp( -l9000IT) [Ar] 
3'10-12 [C:z~] 

1200-1700 2'1019 (Ar) Benson and Haugen (1967)1 (a) 
1100-1500 1.7.1019 (Ar) Skinner, Sweet, and Davis (1971)2 (b) 

1500 2,1017 (C2~) Peeters and Mahnen (1973)3 (c) 
2.7·1O-gexp( -16100IT) [Cz~] 
2.6·1O-gexp( -15SOOIT) [Ar] 

1800-2400 5.1018 (C2H4 ) Jachimowski (1977)4 (d) 
1300 -2000 (1-9)'1015 (Ar) Coats and Williams (1979)5 (e) 

Reviews and Evaluations 
ko 5.001O-gexp( -16120/T) 500-2500 (Ar) 
k"" 1.6·1014exp( -19120/T) 500-2500 
ko ;;;: 6.9-1017T-7.4gexp( -22917/T) >600 (N:z) 

Comments 

(a) Analysis of available experimental data on the hydro
genation of C2H2 and the pyrolysis of C2IL. 

(b) Pyrolysis of dilute mixtures of Cili4, CiliJC2D4, 
C2H2D2 in Ar in a shock tube. No dependence of k on 
pressure observed, suggested that the reaction was in 
the high pressure range. Here represented as a pres
sure-proportional rate coefficient. 

(c) Molecular beam sampling, mass spectrometric analy
sis of C2~ flames at 40 Torr. 

(d) Oxidation of C2IL behind incident shock waves. 
Monitored IR emission from CO and C02, and 
chemiluminescence from a + CO ~ C02 + hv. k 
mainly derived from induction time modelling of a 11 
step mechanism. 

(e) Study of n-heptane/O,JAr mixtures behind incident 
and reflected shock waves. Monitored IR emission 
from CO, CO2, and chemiluminescence from OH, 
CH, and C2. 

(f) ~valuation of literature data. 
(g) Evaluation of literature data. RRKM calculation of 

fall-off cUlVe (misprinted table). 

Preferred Values 

ko = 6.9-1017 T-7.5 exp( -22900IT) cm-3 molecule- 1 S-1 

over range 500-2500 K (in Ar and N2) 
k<Jl> = 2·1014exp( -20000IT) S-1 over range 500-2500 K 
Fc = 0.35 over range 500-2500 K 

J. Phya. Chern. Ref. Data, Vol. 21, No.3, 1992 

Warnatz (1984)6 

Tsang and Hampson (1986)7 

Reliability 
410g ko = ± 0.5 over range 500-2500 K 
410g k<Jl> = ± 0.5 over range 500-2500 K 
Me = ± 0.1 over range 500-2500 K 

Comments on Preferred Values 

(0 

(g) 

There are no sufficiently direct measurements for this 
reaction. The preferred value for ko follows the analysis 
by Tsang and Hampson' based on a RRKM fit of the re .. 
verse reaction. The preferred value for k co follows the 
evaluation by Warnatz 6. An RRKM modelling of the re
action from this evaluation with the potential energy sur
face calculated by Harding et al.8 leads to kfTJ = 

1.1-1014exp( - 20000IT) S-1 which is sufficiently close to 
the recommended value. As long as no more direct mea
surement are available, more elaborate specification of 
the T dependence of F" appears premature. 

References 

15. W. Benson and O. R. Haugen, J. Phys. Chem. 71, 4404 (1961). 
2G. B. Skinner, R. C. Sweet, and S. K. Davis, J. Phys. Chern. 75, 1 

(1971). 
3J. Peeters and G. Mahnen, Comb. Inst. Europ. Symp., 53 (1973). 
ole. J. Jachimowski, Comb. Flame Z', 5~ (1917). 
sC. M. Coats and A. Williams, 17th Symp. (Int.) Combust., 611 (1979). 
6J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer-

Verlag, New York (1984). 
7W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1987). 
8l, B. Harding, A. F. Wagner, J. M. Bowman, G. C. Schatz. and Ie. 

Christoffel, I. Phys. Chern. 86,4312 (1982). 
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C2H3 + O2 -?> C2H2 + H02 (1) 
-?> H2CO + CHO (2) 
-?> C2H30 2 (3) 

Thermodynamic Data 
tJ.Jrz98 (1) = -49 kJ mol- 1 

AS'298 (1) = -6.7 J K-1mol-1 
A1I298 (2) - 360 kJ mol- 1 

~98 (2) = 6.6 J K-1mol-1 

Kp(I) =1.69-10- 2 T°.5S exp( + 5940IT) Kp(2) =23.1 T-033 exp( + 43000IT) 

No thermodynamic data available for channel (3) 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] Reference Comments 

Rate Coefficient Measurements 
kl = 1.7-10-12 

k2 = 6.6-10-12 exp( + 125fT) 
k = UHO-ll 
k1 = 2.5-10- 12 

1726 
291-602 

298 
298 

Cooke and Williams (1971)1 
Slagle et al. (1984}2 
Krueger and Weitz (1988)3 
Munk el al. (l987}4 

(a) 
(b) 
(c) 
(d) 

Reviews and Evaluations 
kl = 1.7·lO-12 1000-2000 Warnatz (1984)S (e) 

(f) kl = 2.00lO-13 Tsang and Hampson (1986)6 
k3 = l.00lO- 11 

Comments 

(a) Shock tube study of C2fu, CH4 + 02 mixtures. Based 
on simulation of reaction mechanism. 

(b) Excimer laser flash photolysis (193 nm) - photoioni
sation mass spectrometry at 0.76-3.60 Torr. Moni
tored C2H3, CHO, H2CO. No signals corresponding 
to products of channel (1), therefore kl ~ k2• Similar 
conclusion by Baldwin and Walker'. 

(c) Excimer laser flash photolysis (248 nm) - diode laser 
spectroscopy on C2fu in C2H3I/HCl/02 mixtures at 
= 7 Torr. 

(d) Pulse radiolysis with variety C2H3 precursors, pres
sure = 1 atm. Monitored disappearance of C2H3 and 
the build-up of a long-lived product at 230 and 270 
nm. Latter ascribed to a product X of C2H3 + O2, 

presumed to be C;JL02; the rate coefficient was de
duced from the product build-up. 

(e) Based on the observation that H02 forming reactions 
of R + 02 have small pre-exponential factors of 
=2-10- 12 em3 molecule- 1 S-1. 

(1) Detenllined by analogy with C2Hs. 

Preferred Values 

k2 = 9.0010- 12 cm3 molecule- 1 S-1 over range 300-2000 K 

Reliability 
Alog k2 ± 0.3 over range 300-600 K; ± 0.5 over 

range 600-2000 K 

Comments on Preferred Values 
There is no direct evidence for the involvement of 

channel (1). There is excellent agreement between the 
data of Slagle et al.2 and Krueger and Weitz3• It is curious 
that Munk et al.4 record a slower reaction at higher pres
sures; it is possible that they were not observing the for
mation of C2H302 but of a secondary product. 

References 

ID. F. Cooke and A. Williams. 13th Symp. (Int.) Combust., 757 (1971). 
21. R. Slagle,I.-Y. Park, M. C. Heaven, and D. Gutman, I. Am. Chern. 

Soc. 106, 4356 (1984). 
3H. Krueger and E. Weitz, J. Chern. Phys. 88, 1608 (1988). 
4J. Munk, P. Pagsberg, E. Ratajczak. and A. Sillesen. Periodic Report 

(2), Contract No. EN3E-0095-Dk(B). 
5J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
6W. Tsan2 and R. F. Hampson. J. Phys. Chern. Ref. Data IS. 1087 

(1986). 
7R. Baldwin and R. W. Walker, 18th Symp. (Int.) Combust., 819 (1981). 
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C2H5 + O2 --+ C2H4 + H02 (1) 
--+ C2Hs0 2 (2) 

Thennodynamic Data 
Mrm (1) = -54.3 kJ mol- 1 

4S'298 (1) -8.5 J K-1mol- 1 

K;,(I) = 1.19-10-1 7"'.183 exp( + 65501T) 

Rate Coefficient Data (k = k1 + k2) 

T[ K] Reference Comments 

Rate Coefficient Measurements 
kl = 2.1,10- 13 295 

294-1002 
593-753 

298 

Plumb and Ryan (1981)1 (a) 
(b) 
(e) 
(d) 

1.5'10-14 exp( + 1660IT) 
kl = 1.8'10-14 exp( + 760IT) 
kl/kz. <: 0.01 

Slagle, Feng, and Gutman (1984)2 
McAdam and Walker (1987)3 
Niki ct oJ. (1982)4 

Reviews and Evaluations 
kl == 2'10- 13 

kl = 3.3.10-12 exp( -2S10/T) 
k. = 1.4-10-12 exp( -1950IT) 

298 
700 2000 
300-2500 

CODATA (1984) 
Warnatz (1984) 

(e) 
(f) 
(g) Tsang and Hampson (1986) 

Comments 

(a) Discharge-flow system with He carrier gas. CzHs pro
duced from CI + C:zHs and [CZH6] and [C:zH4] mea
sured directly by mass spectrometry. Rate coefficient 
determined from yields of C2~ and shown to be in
dependent of pressure over range 0.6-10 Torr. 

(b) Slow-flow system, radicals produced by CI + C2~ 
reaction with pulsed formation of CI from IR multi
photon induced decomposition of CFCh. Reactants 
and products monitored in real time using photoion
ization mass spectrometry. Rate expression has been 
calculated here from high-pressure values of k for the 
overall reaction. 

(c) Thermal oxidation of C:zHsCHO in a static system. 
Yields of C2~ and C2H; were determined by GC 
analysis for the early stages of the reaction. Ratio of 
rate coefficients determined to be kt/k(C2HS + 
C2HsCHO) = 6.76-10-1 exp( + 4414/T). The above 
value of kl is derived by takingk(C1Hs + C1HsCHO) 
= 2.7'10- 13 exp( - 3656/1') em' molecuJe- 1 S-1 as 
evaluated by McAdam and WalkeTi from literature 
data. 

(d) FTIR study of the photo-oxidation of CzH() initiated 
by CI l in the presence of O:zIN2 mixtures at total pres
sures of 760 Torr. Rate coefficient ratio derived from 
the analysis of CH3CHO, C2HsOH and C2H4 prod
ucts. 

(e) Based on data of Plumb and Ryan l • 

(t) Based on an analysis of data prior to study of Plumb 
and Ryan1

• 

(g) Based on data of Baldwin et al. 7• 

Preferred Values 

kl 1.7'10-14 exp( + 1100IT) cm3 molecule- 1 S-1 over 
range 600-1200 K 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 

Reliability 
alog kl = ± 0.3 over range 600-1200 K 

Comments on Preferred Values 
For temperatures about 600 K we have chosen to rep

resent kl' by a compromise between the results reported 
by McAdam and WalkeTi and those we have derived from 
the data of Slagle et al.z• 

Over the wider temperature range 300-1000 K a recent 
experimental and theoretical study by Wagner et al.s rec
ommends a mechanism involving activated C1HsOi radi
cals and its isomerization to C~OlH· radicals, followed 
by decomposition of this radical to the products C1H. and 
H02. These authors have also derived complicated ana
lytical functional forms to their mechanism to explain the 
observed rate dependences over the temperature range 
300-1000 K.. More work is required to confirm the details 
of the mechanism of the C2Hs + O2 reaction. 

References 

11. C. Plumb and K. R. Ryan, Int. J. Chem. Kin. 13, 1011 (1981). 
21. R. Slagle. Q. Feng. and D. Gutman. J. Phys. Chern. 88, 3648 (1984). 
3K. G. McAdam and R. W. Walker, J. Chem. Soc., Faraday Trans. 2, 83, 

1509 (1987). 
4D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, J. Troe, and 

R. T. Watson, J. Phys. Chem. Ref. Data, 13, 1259 (1984). 
51. Wamatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer

Verlag, New York (1984). 
6W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 

(1986). 
7R. R. Baldwin, I. A. Pickering, and R. W. Walker, J. Chem. Soc., Fara

day Trans. 1, 76, 2374 (1980). 
IIA. F. Wagner, I. R. Slagle, D. Sarznski, and D. Gutman, J. Phys. 

Chern., in press. 
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C2Hs + C2Hs ~ n -C4H10 (1) 
-4 C2Hs + C2H4 (2) 

Thennodynamic Data 
Ml298 (1) = -296 kJ mol-I 
M~8 (1) = -160.4 kJ mol-I 

Ml298 (2) = - 266 kJ mol-I 
ASz98 (2) = -55.1 J K-1mol- 1 

~(2) = 1.87.10-5 T 0628 exp( + 3220/T) 

Rate Coefficient Data (k = k1 + k2) 

T[K] Reference Comments 

Rate Coefficient Measurements 
1.5.10- 11 296 

296 
803 
296 
903 
296 

Parkes and Quinn (1976)1 (a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(b) 

2.4.10- 11 

9.3,10- 12 

2.0-10- 11 

Adachi, Basco, and James (1979)2 
Corbel, Marquaire, and Come (1981)3 
Demissy and Lesclaux (1982t 

2.2.10- 11 Pacey and Wimalasena (1984)5 
1.9-10- 11 Munk et al. (1986)6 
1.63.10- 11 300-373 

308 
Arthur (1986)' 

1.69.10- 11 Anastasi and Arthur (1987)8 

Reviews and Evaluations 
kl = 2.3.10- 1 .<: 300-125U 

300-2500 
300-2500 

Warnatz (IY~4Y' (1) 
(i) kl = 1.8.10-11 Tsang and Hampson (1986)10 

k2 = 2.3.10- 12 

Comments 

(a) Molecular modulation spectroscopic study. C2Hs pro
duced from photolysis of (C2HsN)2 in presence of N2 
and monitored by UV absorption spectroscopy. k ob
tained from computer simulation of concentration 
profiles. 

(b) Flash photolysis of mixtures of (C2HsN)2 and n
CSH12. [C2Hs] monitored by UV absorption spec
troscopy. 

(c) Pyrolysis of C2~ in a continuous-flow stirred-tank 
reactor with end-product analyses by GC. k deter
mined from a fit of rates of formation of C2H 4 as a 
function of residence time in the reactor, based on a 
mechanism of 6 elementary reactions. 

(d) Flash photolysis - laser resonance absorption study 
of NH2 reactions in presence of C2Hs. NH2 produced 
from photolysis of NH3, and [NHz] monitored by ab
sorption at 597.73 nm. C2Hs produced from H + 
Cz~. k(NH2 + C2Hs) and k(C2Hs + C2Hs) derived 
from a fit of [NH2] profiles. 

(e) Pyrolysis of CZH6 in a flow system with end-product 
analyses by GC. k determined from a fit of the rates 
of formation of CZH4 as a function of residence time 
in the reactor, based on a mechanism of 12 elemen
tary reactions. Preliminary results: P.D. Pacey and 
J.H. Wimalasena, Chern. Phys. Lett. 76, 433 (1980). 

(f) Pulse radiolysis study with [C2H s] monitored by UV 
absorption. C2Hs produced from H + C2H4• k 
derived from computer simulations of [C2H s] profiles 
in real time. 

(g) Same experimental procedure as for comment (a). 
(h) Same experimental procedure as for comment (a), 

preliminary results reported by N .L. Arthur and C. 
Anastasi, Bull. Soc. Chim. Belg. 92, 647 (1983). 

(i) Based on literature data prior to 1981. 

Preferred Values 

koo = 1.9.10- 11 cm3 molecule- 1 S-1 over range 300-1200 K 
kz = 2.4.10- 12 cm3 molecule- 1 S-1 over range 300--1200 K 

Reliability 
~log kl = ± 0.3 over range 300-1200 K 
~log k2 = ± 0.4 over range 300-1200 K 

Comments on Pre/erred Values 
The preferred rate coefficient is the mean of the re

suIts of Parkes and Quinn1
, Adachi et al.2., Uemissyand 

Lesclaux\ Pacey and Wimalasenas, Munk et al.6
, Arthur', 

and Anastasi and Arthu~ which are all in substantial 
agreement. The preferred branching ratio, k-Jk was then 
calculated from the disproportionation-combination ra
tio, k2ikl = 0.14, which is widely acceptedll at low tem
peratures and which appears to be applicable at higher 
temperatures as well12• 

There are very few reliable studies of this reaction at 
temperatures above 1200 K, hence the restricted range 
over which the preferred rate coefficients are recom
mended. 
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C2H&(+M) ~ CH3 + CH3(+M) 

Thennodynamic Data 
Mr298 = 375 kJ mol-1 

AS"298 = 159 J K-lmol-l 
K" ;;;;: 4.15,109 T-O.236 exp( -45700IT)atm 

Rate Coefficient Data 

k[S-l] T[K] [M] [molecule cm-3] Reference Comments 

Rate Coefficient Measurements 
Intermedillte Fall-off Range 

1.2-10-7 823 7.9-1016 (C2Hti) Lin and Back (1966)1 (a) 
1.3.10-7 1.9-1017 

1.4'10-7 7.()OlO17 

6.7'10-6 893 4.4'1017 

8.4'10-6 2.3-1018 
8.9-10-6 4.9'1018 

1.7-10-4 999 9.7,1015 

5.7'10-4 1.1.1017 

l.()OlO-3 8.2'1017 

4.1'10-7 839 7.6·101S (C2H6) Trenwitb (1966,1967,1979)2 (b) 
1.5-10-7 1.3-1017 

2.5-10-7 3.2-1018 

2_3-10- 3 873 5_1'101s 

1.2-10-6 1.1'1017 

1.9-10-6 1.6-1018 

4.8-10-6 913 3.4'1016 

1.7·1O-s 8.8'1017 

2.4·1O-s 7.()O1018 
3.5-10-8 813 1.2'1017 (C2H6) Scaccbi et al. (1971)3 (c) 
5.8-10-8 6.2'1017 

7.7-10-8 2.5'1018 

2.()0101S exp( -44280IT) 1400-2200 5.()OlO17 (Ar) Izod et al. (1971)4 (d) 
2.1-10-7 838 3.()O1017 (C2~) Clark and Quinn (1976)S (e) 
4.2,10-7 7.6-1018 
4.8,10-7 2.1'1019 

1300-2500 (6.6-26.5)'1017 (Ar) Olson et al. (1979)6 (t) 
2.8-1otS exp( -42400/T) 1240-1500 1.3.1016 (Ar) Chiang and Skinner (1981)' (g) 
2.()O10-7 841 1.1'1017 (C2Hti) Kanan et al. (1983)8 (b) 
2.5-10-7 2.1'1017 

7.&10-7 871 5.4,1016 

1.1'10-6 1.6'1017 
2.()OlO-6 4.2,1018 

5.7'10-6 913 5.2.1016 
1.3-10-' 2.()OlO17 

6.2,10- 6 902 1.1.1017 (C2~) Pacey and Wimalasena (1984)9 (i) 
7.()O10- 6 3.2'1017 

1.1-10-s 1.1-1018 
3.4-1O-~ 938 5.4'1011 (H2) Cao and Back (1984)lU 0) 
4.&10-S 1.8.1018 
5.2,10-5 3.4'1018 

2.6'10- 4 998 5.1'1017 

4.2'10- 4 2.()O10111 

3.&10-4 3.2.1018 
8.()OlO-4 1038 5.()OI017 

1.1-10-3 1.1'1018 

2.4'10- 3 2.8'1018 

High Pressure Range 
7.9-1016 exp( -45040IT) 1200-1430 (9-33)'1018 Burcat et al. (1973)11 (b) 
5.2·lot6 exp( -44700IT) 840-913 (3.4-77.6)'1017 (C2~) Trenwitb (1979)2 (b) 

Reviews and Evaluations 
koo = 2.4-1016 exp( - 44010/T) 750-1500 Baulch and Duxbury (1980)12 (1) 
ko = [Ar] 1.7·1O-s exp( -34280IT) 800-2500 Warnatz (1984)13 (m) 
k 00 = 2.4-1016 exp( - 440201T) 750-2000 
koo = 3.2,1022 T-l.79 exp( -45834IT) 300-1400 Tsang and Hampson (1986)14 (n) 
koo = 3.()OlO22 T-1.79 exp( -45834/T) 300-1400 Tsang (1989)15 (0) 
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Comments 

(a) Static reactor, dissociation of pure ethane with mea
surement of the rate of production of methane and 
butane. Extrapolation to the high pressure limit and 
comparison with earlier work. 

(b) Ethane dissociation studied in static reactor. Product 
analysis by gas chromatography. Extrapolation to the 
high pressure limit. Relative efficiencies of different 
bath gases: ko(M)/ko(C21-L;) = 0.25 (N2)' 0.33 (02), 
0.17 (He), 0.18 (Ne), 0.26 (Ar), 0.30 (Kr), 0.88 (H20). 

(c) Pyrolysis of ethane in static reactor. Analysis of ini
tiation of the reaction using manometric and gas 
chromatographic measurements. 

(d) Pyrolysis of CO/O~ethane/azomethane/Ar mixtures 
in a shock tube. The reaction was followed by mea
suring emission from CO and CO2• Modelling with 8 
reactions. 

(e) Static reactor study of dissociation in pure ethane. 
Gas chromatographic analysis of reaction products. 

(t) Shock tube study of ethane dissociation in Ar using 
laser-absorption and laser-schlieren measurements. 
Modelling of mechanism. Data near 1300 K are 
markedly lower than recombination results and 
shock wave results from Ref. 7. Better agreement 
with Ref. 7 at higher temperatures. Extrapolation to 
the high pressure limit uncertain due to fall-off ef
fects. 

(g) Shock tube study of ethane decomposition in Ar 
measuring H atom concentrations from CH3 + C21-L; 
~ ClL + C2Hs, C2Hs ... C2H4 + H sequence. 

(h) Ethane pyrolysis in static reactor with gas chromato
- graphic analysis. Enhanced hydrogen recombination 

at activated vessel surface. Results in good agree
ment with Ref. 2. 

(i) Ethane pyrolysis in a flow system with gas chromato
graphic product analysis. Evaluation of induction pe
riods. 

G) Pyrolysis of ethane in static reactor. Product analysis 
by gas chromatography. Collision efficiencies of Xe 
and H2 relative to C2fu have been measured. 

(h) Single-pulse shock tube study of ethane dissociation 
in Ar, measurement of methane production rate. 
Analysis of earlier shock tube work, extrapolation to 
the high pressure limit. Data neglected in later work 
by one of the authors7

_ 

(1) Complete review of earlier literature. 
(m) Data evaluation and simplified fall-off construction. 
(n) Data evaluation and construction of RRKM fall-off 

curves. 
(0) See comment (n). 

Preferred Values 

kllrJ = 1.8-1()21 T-1.24 exp( -45700/T) S-1 over range 300-
2000K 

ko = [Ar] 1.1·1{)2S T- 8
.
24 exp( -47090/T) S-1 over range 

300-2000 K 
ko = [C2t4] 4.5-10-2 exp( -41930/T} S-1 over range 

800-1000 K 
Fc = 0.38 exp( - T/73)} + 0.62 exp( - T/1180} for M = 

Ar over range 300-2000 K 
Fc = 0.54 exp( - T 11250) for M = C~ over range 800-

1000K 

Reliability 
Alog k= = ± 0.3 over range 300-2000 K 
Alog ko = ± 0.5 for M = Ar over range 300-2000 K 
Alogko = ± 0.5 for M = C2H6 over range 800-1000 K 
APe = ± 0.1 for M = Ar over range 300-2000 K 
APe ± 0.1 for M = C2H6 over range 800-1000 K 

Comments on Preferred Values 
The preferred values for k= and ko (for M = Ar) have 

been derived from the recommended rate coefficients of 
the reverse reaction 2 CH3 + M ~ C2Ht; + M from this 
evaluation and the given expression of the equilibrium 
constant. They are basecl on the comhinecl eva1nation of 
dissociation and recombination data given in the review 
of Ref. 16 which assumes a nearly temperature indepen
dent rate coefficient k= for the reverse recombination 
over the range 300-2000 K. The expressions for ko and Fc 
also follow the combination of experimental and theoret
ical data analysed in Ref. 16. The preferred values ob
tained in this way are in good agreement with the 
available dissociation experiments. They are not influ
enced by the numerous mechanistic complications of the 
high temperature shock tube studies of this dissociation. 
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2A. B. Trenwith, J. Chem. Soc. Faraday Trans. 1,62, 1578 (1966), 63, 

2452 (1967), 75, 614 (1979). 
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CHCO + O2 --+- CO2 + CHO (1) 
--+- 2CO + OH (2) 
--+- C20 + H02 (3) 

CHCO + O2 (+ M) --+- CH02CO (+ M) (4) 

Thermodynamic Data 
AH298 (1) ;:: -527.6 kJ mol- 1 

45"'298 (1) ;:: -20.9 J K-1mol- 1 
!:Ji298 (2) -359.7 kJ mol- 1 

M198 (2) ;:: 119.5 J K-1mol- 1 

Kp(I) ;:: 0.847 T-O.041 exp( + 63459!T) ~(2) ;:: 7.17·10" T-OOS1 exp( + 42842fT)atm 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

Temperature [K] Reference Comments 

RaIl' COI?/firipnt MPIU:IH"pmpnt!t: 

3.7,10-14 296 Jones and Bayes (1973)1 (a) 
(M = Nz, 2 Torr) 
2.7'10- 12 exp( -430fT) 
(M = He, 2 Torr) 

Peeters, Schaekers, 
and Vinckier (1986)2 (b) 

Comments 

(a) Discharge flow study; 0 atoms generated by N + 
NO. CHCO produced as intermediate from C2Hz 
with [CHCO] and [0] measured by photoionisation 
mass spectrometry. [CHCO] measured in presence 
and absence of O2, andk(CHCO + Oz)lk(CHCO + 
0) = 0.018 ± 0.003 at 296 K obtained from a Stern
Volmer plot. Used k(CHCO + 0) = 2.0'10- 12 cm3 

molecule- 1 S-I, obtained by Jones and Bayes3 in a re
lated study. Data obtained at total pressures of 2 
Torr (mostly Nz). 

(b) Reported by Peeters, Schaekers, and Vinckier. No 
experimental details given. Radical concentrations 
measured by molecular beam mass spectroscopy. 
[CHCO]-time profile measured in presence and ab
sence of molecular O2• No temperature range 
quoted, but Peeters et al.4 use the expression in the 
range 300-550 K. 

Preferred Values 

k = 2.7,10- 12 exp( -430fT) cm3 molecule- 1 S-1 over 
range 300-550 K (M = He, 2 Torr) 

Reliability 
Alog k = ± 0.7 over range 300-550 K 

Comments on Preferred Values 
Kinetic data on this reaction are very limited, and no 

products have been suggested. k may be pressure-depen
dent, although no dependency was reported. Both studies 
involved total pressures of about 2 Torr, but different in
ert gases. The k values differ by a factor of about 20 at 
296 K, but use of k(CHCO + 0) = 1.16-10-10 cm3 

molecule- 1 5-1 at 296 K obtained by Vinckier etlll.4 with 
Jones and Bayes' ratio givesk = 2.1·10-12 cm3 molecule- 1 

S-1 which is only a factor of 3 greater than k = 6.3,10- 13 

cm3 molecule -1 s -1 obtained from the expression given by 
Peeters et al.2

• This factor is probably within the com
bined experimental error involved in the two determina
tions, particularly as experimental conditions are 
uncertain. 

References 
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(1986). 
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CH2CHO + O2 ~ CH2CO + H02 (1) 
~ HCHO + CO + OH (2) 

Thermodynamic Data 
4.'ffl.fJ8 (1) == -66.5 kJ mol- 1 

.M"CRS (1) - - 20.5 J K-1mol- 1 

Kp(1) = 0.344 ']"J.592 exp( + 7960/T) 

AfflfJ8 (2) = -212.6 kJ mol-1 

ASi98 (2) - 126.7 J K- 1mul- J 

Kp(2) = 5.S·lOS T-O
•
62 exp( +2S160/T) atm 

Rate Coefficient Data (k = k1 + k2) 

k[cm3 molecule- 1 S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
2.7,10- 14 exp( + 668IT) (100 Torr He) 300-500 Lorenz et al. (1984)1 (a) 

2.4&10- 13 (100 Torr Nz) 295 Gutman and Nelson (1983)2 (b) 
2.5(}-1O- 13 (90 Torr 51'6) 295 

Comments 

(a) Laser photolysis of CH30CH = CH2 at 193 nm; laser 
induced fluorescence detection of CH2CHO at 337 
nm. Reaction is pressure dependent between 10 and 
280 mbar (M = He). Fall-off curve analysis using 
Fe = 0.6 gave k<» = (2.6 ± 0.5)'10- 13 cm3 

molecule- 1 S-1 and ko = 2 ± 2'10-JU cmf> molecule- 2 

s -1. Yield of OH product = 20% as determined by 
LIF, at 25 mbar He and 298 K. 

(b) Laser photolysis of CH30CII--CIIz at 193 nm; laser 
induced fluorescence detection of CH2CHO at 337 
nm. Reaction is pressure dependent between 1.S and 
100 Torr. Data given are for highest pressures of N2 
and SF6 used. Data for lower pressure presented in 
figure. 

Preferred Values 

k~ = 2.6,10- 13 cm3 molecule- 1 S-1 over range 250-500 K 
kz = 3.0.10-14 cm3 molecule- 1 S-1 at 300 K 

Comments Ol'l Preferred Values 
The results of the two studies of this reaction using the 

laser photolysis-LIF technique are in excellent agreement 
where measurements are under comparable conditions. 
Both studies show that there is a pressure effect consis
tent with an addition reaction as one of the channels. The 
observation of OH product at low pressure indicates a 
possible bimolecular channel as well. The preferred value 
for koc is based on the values of k at pressures ~ 100 Torr 
He, N2 or SF6 from both studies at 292-300 K. The rec
ommended value of kz may apply to low pressures only 
since the pressure dependence of the OH yield is not es
tablished. 

The temperature dependence of the rate coefficient at 
higher temperatures is difficult to define because of fall
off effects. The data indicate little variation of koc with 
temperature up to 500 K. Lack of data at low pressures 
and the possibility of a bimolecular channel precludes the 
recommendation of a value for ko • 

References 

Reliability lK. Lorenz, D. Rhasa, R. Zellner, and B. Fritz, Ber. Bunsenges. Phys. 

alog koo :±: 0.5 at 1000 K reducing to ± 0.2 at 300 K Chern. 89, 341 (1985). 
alogk2 = :±: 0.3 at 300 K 2D. Gutman and H. H. Nelson, J. Phys. Chern. 87, 3902 (1983). 
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CH3CO + O2(+ M) ~ CH3C03 (+ M) 

Rate Coefficient Measurements 
2.10- 12 

Reviews and Evaluations 
3.10-12 

2'10- 12 (1-4 Torr) 
5'10- 12 (k..,) 

Comments 

T[K] 

298 

298 
298 

200-300 

Rate Coefficient Data 

Reference 

McDade et al. (1982)1 

Tsang and Hampson (1986)2 
IUPAC (1989)3 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

(a) Flash photolysis of CH3COCH3 or 
There is only one direct stUdy of this reaction which 

was conducted at room temperature. The rate coefficient 
obtained is comparable to that found for the reaction of 
CzHJ under similar conditions. The latter reaction has a 
substantial negative temperature coefficient, a pressure 
dependence, and an additional channel forming H02. 
The same complex kinetic behaviour probably applies to 
CH3CO + O2, but in the absence of data, we can only 
recommend a value for k at 298 K. 

CH3COCH2COCHrphotoionisation mass spectro
metric detection of CH3CO in excess O2• Indepen
dent of pressure 1-4 Torr. 

(b) Based on results of McDade et al. l
• 

( c) Based on results for analogous reaction of C2H5 with 
O2• 

Preferred Values 

k = 2,10- 12 cm3 molecule-I S-1 at 298 K 

Reliability 
410g k = ± 0.3 at 298 K 

References 

IC. E. McDade, T. M. Lenhardt, and K. D. Bayes, J. Photochem. 20,1 
(1982). 

2W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 
(1986). 

3R. Atkinson et al., IUPAC Task Group on Data Evaluation (1989). 

CH3CHO (+ M) ~ CH3 + CHO (+ M) 

Thermodynamic Data 
Mi298 = 361 kJ mol- 1 

M"298 = 117 J K-lmol-l 
K,. = 5.92.109 T-O.417 exp( -43100IT) atm 

k[S-I] 

Rate Coefficient Measurements 
2.0.1015 exp( - 39800/T) 
7.1,1015 exp( -41100IT) 

Reviews and Evaluations 
2.0.1015 exp( - 39800/T) 

Comments 

T[K] 

753-813 
1000-1200 

500-2000 

Rate Coefficient Data 

Reference 

Liu and Laidler (1968)1 
Colket et Ill. (1975r 

Wamatz (1984)3 

Preferred Values 

Comments 

(a) 
(b) 

(c) 

(a) Static reactor. Pyrolysis of CH3CHO; k determined 
from time dependence of product C2H6 and C2H4• 

(b) Turbulent flow reactor at 1 atm pressure. M = N2. k 
determined as in (a). 

k = 7.1,1015 exp( -41100/T) S-I over range 750--1200 Kat 
1 atm pressure 

Reliability 
( c) Based on expression of Liu and Laidlerl

. ~log k = ± 0.4 over range 750--1200 K 
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EVALUATED KINETIC DATA FOR COMBUSTION MODELLING 717 

Comments on Preferred Values 
Preferred value is based on the data of Colket et al. Z 

which are in good agreement with the earlier work. The 
reaction is in the fall-off region in the specified tempera
ture region and the expression applies to 1 atm pressure 
only. 

Thermodynamic Data 
LiH298 = 70.0 kJ'moI- 1 

Comments 

There are no reliable experimental data for the ther
mal decomposition of CzHsO. Leggett and Thynne1 stud
ied pyrolysis of (CzHsO)z and extracted a rate coefficient 
for decomposition of CzHsO over the range 422-449 K of 
1.4-1012 exp( -11120/1') s-t, independent of pressure. 
Since the reaction is almost certainly in the fall-off region 

Thermodynqmic Data 
LiH298 -152.5 kJ'mol- 1 

References 

1M. T. H. Liu and K.. J. Laidler, Can. J. Chern. 46, 479 (1968). 
2M. B. Colket, D. W. Naegeli, and I. Glassman, Int. J. Chern. Kin. 7, 223 
(1975). 
3J. Warnatz, in "Combustion Chemistry", ed. W. C. Gardiner, Springer
Verlag, New York (1984). 

under their conditions, this result is doubtful. In a recent 
review, Bate has suggested the following expression for 
the high pressure limit: ka> = 8.0.1013 exp( -10830IT) 8- 1. 

References 

Ie. Leggett and J. C. J. Thynne, Trans. Faraday Soc. Ci3, 2504 (1967). 
2L. Batt, Int. Rev. Phys. Chern. 6, 53 (1987). 

Rate Coefficient Data 

k[cm3 molecule- l S-I] T[K] Reference Comments 

Rate Coefficient Measurements 
8.0,10- 15 296 Gutman, Sanders, and Butler (1982)1 (a) 
9.8,10- 15 353 
1.2'10- 13 exp( -924fT) 225-393 Zabarnick and Heicklen (1985)2 (b) 

Reviews and Evaluations 
8.0,10- 15 298 CODATA (1984)3 (c) 

Comments 

(a) Laser photolysis of C2H50NO at 266 nm: C2HsO 
monitored by LIF. Psuedo first order conditions with 
excess 02. 

(b) Steady state photolysis of CzHsONO at 366 nm in the 
presence of Oz and NO. k measured relative to 
C2H50' + NO ~ products; i.e. k/k(CzHsO + NO) = 

6.8,10-3 exp( - 924fT). Pressure > 155 Torr, M = 
Nz• 

(c) Based on data of Gutman et al. I
• 

k 

Preferred Values 

1.0010-13 exp( -830fT) cm3 molecule- 1 

range 300-1000 K 

Reliability 

over 

alog k = ± 0.3 at 300 K rising to ± 0.5 at 1000 K 

Comments on Preferred Values 
The only direct measurements of k from Ref. 1 agree 

reasonably well with the recent relative rate study, but 
show a smaller temperature dependence, although the 
range of temperature covered is small. In view of the lim
ited range covered and the uncertainties in the measure
ments, we recommend an Arrhenius expression based on 
an average of k values from the two studies at 353 K and 
an A -factor equal to that for the CH30 + O2 reaction. 

References 

10. Gutman, N. Sanders, and J. E. Butler, J. Phys. Chern. 86,66 (1982). 
2S. Zabarnick and J. HeickJen, Int. J. Chern. Kin. 18,455 (1985). 
3CODATA evaluation, Supplement II, J. Phys. Chern. Ref. Data 13, 

1259 (1984). 
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Thermodynamic Data 
Mr298 = 180.0 kJ mol- 1 

Comment 
There are no experimental data for the thermal de

composition of C2HsOOH. The high pressure limit rate 
constant koc = 4.0-1015 exp( - 21600/T) S-1 is recom
mended by analogy with the decomposition of CH300H. 

C6Hs(+ M) -+ C2H2 + C4H3(+ M) (1) 
-+ C2H3 + C4H2 (+ M) (2) 
-+ Iinear-C6Hs (+ M) (3) 

Thermodynamic Data 
Mr298 (1) ... 325.0 kJ mol- 1 

4$"298 (1) = 185.6 J K-1mol- 1 
AFr29tl (2) = 425.2 kJ mol- l 

~98 (2) = 193.3 J K- 1mol- 1 

Kj.(I) - 9.7-109 TO.16 exp( 396001T) atm Rf,(2) - 9.2,1010 T-O.06 cxp( _. S16801T) atm 

4ffl98 (3) = 97.2 kJ mol- 1 

4$"298 (3) ... 261.9 J K-1mol-1 

Kp(J) - 7.9·t()25 T-3.56 exp( -41176/T) 

Rate Coefficient Data (k = k1 + k2 + k3) 

T[K] Reference Comments 

Rate Coefficient MeaSlUements 
kl + k2 1.2 _lOIS exp( -41265IT) 
kl = 1.6 '1015 exp( -41265IT) 
k3 = 3.5,1013 exp( - 32700/T) 
5.0010J3exp( - 367361T) 

1570-1790 
1900-2400 
1500-2400 
1500-1900 
1500-1900 
1450-1730 

Rao and Skinner (1984)1 
Kiefer el 01. (1985)2 
Colket (1987)3 

(a) 
(b) 
(e) 
(d) 
(e) 
(f) 

Rao and Skinner (1988t 
k3 ... 3.001013 exp( - 36736/T) 
k3 = 4.5·1013 exp( - 36500IT) Braun-Unkhoff et 01. (1989)5 

Comments 

(a) Dissociation of chlorobenzene behind reflected 
shock waves at total pressures of about 2.7 bar. Hy
drogen atom production was monitored by ARAS 
during pyrolysis of 10 ppm chlorobenzene in argon. 
From the measured profiles it was deduced that the 
hydrogen atoms are formed in a secondary reaction 
step. Therefore it was not possible to discriminate 
between reaction pathway (1) or (2). An Arrhenius 
expression is evaluated for the overall process 
eJIs -+ C2H2 + CJi2 + H . 

(b) Mixtures of 1 and 2 mol% benzene in krypton have 
been studied in a shock tube at 0.2 < P < 1 atm us
ing the laser schlieren technique. The measured den
sity gradient profiles and some time-of-flight mass 
spectra were modelled by a 26 step reaction mecha
nism. RRKM calculations are also presented. A high 
pressure limiting rate coefficient for reaction path
way (1) was derived at total pressures around 1 bar. 
For total pressures of 0.47 and 0.2 bar second-order 
rate coefficient expressions are deduced, indicating 
significant fall-off behaviour for the lower pressure 
regime. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

(c) Single-pulse shock tube experiments on acetylene 
and vinyl acetylene pyrolysis for the temperature 
range 1100-2400 K at total pressures of about 8 bar. 
Initial concentrations of the hydrocarbon in argon 
ranged from 100 ppm to 4%. Gas samples were col
lected and analyzed using gas chromatography. The 
rate coefficients for the ring formation process n
C41I3 (+ C2112) ~ linear-~IIs ~ CoIls were deduced 
by applying a comprehensive reaction mechanism. 
The rate coefficient for reaction (3) was calculated 
using a heat of formation for the linear-CH'i radical 
of 582 kllmol. No sensitivity calculations of reaction 
(3) are given. 

(d) Highly dilute mixtures of o,D6, o,HsCI, o,HsBr, and 
CHsI were pyrolyzed behind incident shock waves at 
p = 0.4 atm. The formation of Hand D atoms was 
monitored by the ARAS technique. RRKM calcula
tions were carried out to evaluate unimolecular fall
off rate expressions. Rate coefficient expressions for 
the dissociation of phenyl radicals were deduced 
from the pyrolysis of chloro- and bromobenzene. 
From these experiments it was found that about 18% 
of the phenyl radicals dissociate in some way without 
formation of H atoms, while the remainder produces 
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hydrogen atoms, presumably via a linear-CJfs 
radical. 

(e) Experimental conditions of (d). From the iodoben
zene results it was found necessary to introduce addi
tional reactions into the model, especially the 
dissociation of iodobenzene into phenyl and iodine 
atoms, which has been measured by Robaugh and 
Tsang6

• RRKM caculations indicate that the phenyl 
dissociation should proceed with a rate constant ap
proaching the limiting high pressure value. 

(f) Dissociation of phenyl radicals behind reflected 
shock waves has been investigated by monitoring H 
atoms with ARAS. The density range was (1.0-
1.7)'10-5 mol cm-3

• Nitrosobenzene C6HsNO served 
as thermal source for the phenyl radicals. The test 
gas mixtures consisted of argon with relative concen
trations of 1 to 100 ppm nitrosobenzene. For a first 
order formation rate in the early stage of the phenyl 
decomposition a value for the activation energy of 
306 ± 8 kl/mol was found. From thermodynamic 
data together with the experimental value for the ac
tivation energy it is impossible to attribute the high 
temperature H-atom formation to a direct decompo
sition pathway of phenyl. Therefore a two step reac
tion mechanism, starting with isomerisation from the 
aromatic phenyl to a linear structure, which dissoci
ates immediately to products which include H atoms, 
has been assumed. The experimental rate expression 
for the isomerisation reaction is in good accord with 
the findings of Ref. 4. 

Preferred Values 

k3 = 4.0· 1013 exp( - 36700/T) 
Presumably not far from k .. 

over range 1450-1900 K 

Reliability 
alog k = ± 0.4 over whole range 

Comments on Preferred Values 
The heats of reaction for different decomposition path

ways of phenyl give values on the order of 335 to 502 kJf 
mol. These findings are incompatible with a high 
activation energy of about 306 kJ/mol. For the linear 
aliphatic structure CHs a value of about 586 ± 12.6 kJI 
mol for the heat of formation was estimated by applying 
Benson's method'. Together with 329-340 kJ/moI6

,8 for 
the heat of formation for the phenyl radical, values of 
255-268 kllmo} are found for the heat of reaction for 
pathway (3), which are compatible with the experimen
tally derived apparent activation energy of about 306 kJI 
mol (Refs. 4 and 5). Consequently a rate coefficient for 
only the isomerisation reaction (3) is recommended. 

RRKM calculations4
•
9 indicate that at temperatures 

around 1500 K and at total pressures of about 1 bar the 
rate of reaction (3) is not far from the high pressure lim
iting value (klk"" = 0.5-0.7). 
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C6H6(+ M) ~ H + C6Hs(+ M) (1) 
~ C4H4 + C2H2(+M) (2) 

Thermodynamic Data 
Mf298 (1) = 463.5 kl mol- 1 

.AS02011 (1) = 133.7 J K-1mol-l 
Mf'298 (2) = 451.9 kJ mol- 1 

~298 (2) = 210.4 J K-1mol- 1 

KP(l) = 9.7-1OS ro·4S exp( -55840/T) atm KP(2) = 1.1'1012 T-OlO exp( -54940/T) atm 

Rate Coefficient Data (k = k1 + ka) 

T[K] Reference Comments 

RIlle Coefficient Measurements 
kl = 3.2·101S exp( - 53342/T) 
kl = 1.6-1015 exp( - 51329/T) 
3.9-109 exp( -18935IT) 
kl = 7.0-1013 exp( -47807/T) 
Jr.l = ,U,.ln13eYp( -44787fT) 
k2 = 1.3·1014exp( -44284IT) 
kl = 5.0-1015exp( -54300/T) 
kl = 2.0-1017 exp( -59381/T) 
kl = 9.3·1014exp( -533421T) 

1300-1700 
1200-1900 
1400-2200 
1630-1940 
1515-2500 
1515-2500 
1600-2300 
1900-2400 
1500-1900 

Fujii and Asaba (1972)1 
Fujii and Asaba (1977)2 
Singh and Kern (1983)3 
Rao and Skinner (1984t 
Kern el al. (1984)5 

(a) 
(b) 
(c) 
(d) 
(e) 

Hsu, Lin, and Lin (1984)6 
Kiefer el aJ. (1975f 

(1) 
(g) 
(h) Rao and Skinner (1988)11 

Comments 

(a) Rich mixtures of benzene and oxygen were pyrolyzed 
in a single pulse shock tube. The reaction progress 
was followed by light absorption (formation of 
biphenyl in the wavelength range of 315 to 600 !-Lm) 
and IR emission (formation of CO in the wavelength 
range of 3000 to 5000 J.l.m) behind incident shock 
waves. The products were also analyzed by GC. The 
experimental data could be modelled by a simple re
action scheme in the initial stage. 

(b) The high temperature pyrolysis of benzene was stud
ied in a single pulse shock tube. Gas samples were 
heated by reflected shock waves; the products were 
analyzed by GC. The reaction progress was also fol
lowed by light absorption at 200-600 nm (benzene, 
biphenyl). The experimental data are explained by a 
chain mechanism consisting of 7 elementary reac
tions (channel (1». 

(c) The pyrolysis of mixtures of 2.1-5% benzene diluted 
with neon was studied behind' reflected shock waves. 
Products were analyzed by recording time-of-flight 
mass spectra. The data could be reproduced from a 
five step reaction mechanism. The first order rate ex
pression as presented in the table has been calcu
lated for a density of 2.6-10-6 mol cm-3 from the 
second order rate coefficient evaluated by the au
thors. 

(d) Dilute mixtures of 3-20 ppm 4D6 were pyrolyzed be
hind reflected shock waves at 2 < p < 3 atm. The 
formation of D atoms was monitored by time re
solved ARAS. A six step reaction mechanism was 
used to model the experimental data. The rate coef
ficient for H atom production was determined by us
ing approximate isotope effect calculations. 

(e) The rate coefficients for both product channels were 
derived in a collaborative study on C;H6 and C;D6 py
rolysis using three independent shock tube methods: 

time-of-flight mass spectrometry, time resolved 
ARAS, and laser schlieren density gradient profiles. 

(f) The oxidation of benzene under fuel lean conditions 
was studied behind reflected shock waves using a sta
bilized cw CO laser to monitor CO production. The 
formed CO was modelled by a 25 step mechanism. A 
rate coefficient for channel (1) was determined. 

(g) Mixtures of 1 and 2 mol% benzene in krypton have 
been heated in a shock tube at 0.2 < P < 1 atm using 
the laser schlieren technique. The measured density 
gradient profiles and some time-of-flight mass spec
tra were modelled by a 26 step reaction mechanism. 
RRKM calculations are also presented. A high pres
sure limiting rate coefficient for reaction pathway (1) 
was derived. 

(h) The rate coefficient for the production of H atoms in 
channel (1) was derived from approximate isotope ef
fect calculations. Highly dilute mixtures of C6D6, 
C;HsCl, CHsBr, and C6HsI were pyrolyzed behind 
incident shock waves at p = 0.4 atm. The formation 
of Hand D atoms was monitored by the ARAS tech
nique. RRKM calculations were carried out to ac
count for unimolecular fall-off and to distinguish the 
rate constant for dissociation of CJI6 to that for the 
dissociation of C;D6• 

Preferred Values 

k = 9.0-101
' exp( -54060/1') S-1 over range 1200-2500 K 

Reliability 
log k = ± 0.4 at 1200 K reducing to ± 0.3 at 2000 K 

Comments on Preferred Values 
From the present data a first order rate expression for 

benzene decomposition is evaluated. Although most of 
the experimental work is interpreted by the authors as in
dicating that the H-atom producing reaction channel (1) 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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is the dominant one, it should be mentioned that the di
agnostic methods of many of the experiments do not per
mit a distinction between product channels. Conse
quently a rate coefficient for the overall reaction is rec
ommended. 
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CsHsO (+ M) -+ c-CsHs + CO (+ M) 

Thennodynamic Data 
A1rm = 94.5 kJ mol- 1 

AS'298 = 184.2 1 K -lmol-1 

Kp = 1.1.1011 T-o.446exp( -1l561/T) atm 

Rate Coefficient Data 

T[K] Reference Comments 

Rate Coefficient Measurements 
10:!: 5 
UHot2exp( - 24000/T) 
2.5·1011exp( - 22100/T) 

1000 
1010-1430 
1000-1580 

Colussi et al. (1977)1 
Lin and Lin (1985)2 
Lin and Lin (1986)3 

(a) 
(b) 
(c) 

Comments 

(a) Pyrolysis of phenyl allyl ether in a VLPP reactor. 
Above 983 K the ether is mostly decomposed so that 
the phenoxy radical decays are isolated. Mass spec
trometric detection of radical fragments (at m/e = 41 
and 94). No experimental data reported. Based on 
thermochemical grounds, a decomposition mecha
nism via a bicyclic radical intermediate is proposed. 

(b) Pyrolysis of phenyl methyl ether (anisole) in high di
lution (0.1% and 0.5% in Ar) in a shock tube be
tween 1010 and 1430 K and 0.5-0.9 atm. kl is 
deduced from CO profiles (probed by resonance ab
sorption, cw CO laser) by assuming that anisole de
composition and phenoxy decomposition are the only 
important reactions. 

(c) Extension of the above studio Same method. The ki
netic mechanism is extended and the deduction of k 
is based on computer simulation. 

J. Phya. Chem. Ref. Data, Vol. 21, No.3, 1992 

Preferred Values 

k = 2.5·1011exp( -22100IT) S-1 over range 1000-1580 K 

Reliability 
Alog k = ±0.2 

Comments on Pre/erred Values 
The preferred expression is that one of Lin and Lin3

• 

References 
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2Chin-Yu Lin and M. C. Lin, Int. 1. Chem. Kin. 17, 1025 (1985). 
3Chin-Yu Lin and M. C. Lin, J. Phys. Chern. 90, 425 (1985). 
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C6HsCH2(+M) ~ C3H3 + 2 C2H2 (+ M) (1) 
~ C4 H4 + C3H3 (+ M) (2) 
~ CsHs + C2H2 (+ M) (3) 
~ C7H7 (+ M) (4) 

Thermodynamic Data 
4ffl98 (2) = 428.1 kJ mol- 1 

~98 (2) = 213.2 J K-1mol- 1 

AHi'.18 (3) = 463.6 kJ mol- 1 

~'.18 (3) = 179.1 J K-lmol-i 
K" (2) = 2.3'10- 19 T H .U exp( - 50752/T) atm [(,,(3) = 1.7'1010 T-013 exp( -56155/T) atm 

Rate Coefficient Data (k = k1 + k2 + k3 + k4) 

k[S-l] T[K] Reference Comments 

Rate Coefficient Measurements 
Z.(}lOi6 exp( - 51357/T) 1500-1800 Astholz etal. (1981)1 (a) 

(b) 
(c) 
(d) 

kz + k3 = 1.6'1014 exp( -42698/T) 1550-2020 Astholz and Troe (1982)2 
kz + k3 == 2.5,1017 exp( -53402/T) 1550-2020 
kl ~ 1.().1014exp( -42674/T) 1300~ 1800 Mizerkn and Kiefer (1986)3 

2.o. 1015 exp( - 42048/T) 1400-1900 Mueller-Markgraf and 
+ 1.o.10lO exp( -21409/T) Troe (1987)4 (e) 

(f) 
(8) 

kl 1.8·1014exp( -42674/T) 1600-2100 Pamidimukkala et al. (1987)5 
5.4.1016 exp( -50327/T) 1430-1740 Rao and Skinner (1987)6 
1.6'1010 exp( - 22491/T) 1250-1900 Mueller-Markgraf and 

+2.(}10J5 exp( -42048/T) Troe (1988)7 (b) 
(i) k4 = 1.3'1013 exp( -34600/T) 1350-1800 Braun-Unkhoff et al. (1989)8 

Comments 

(a) The temporal absorption of toluene and benzyl were 
monitored during the thermal dissociation of toluene 
behind reflected shock waves. Rate expressions for 
the benzyl decay were determined for the density 
range (1-5).10-5 mol cm-3

• The presented rate ex
pression corresponds to 1.10-5 mol cm-3

• The deter
mination of the overlapping absorption profiles was 
performed on the assumption of high thermal stabil
ity of the benzyl radical. 

(b) Toluene pyrolysis behind shock waves_ Experimental 
setup as in comment (a). From the product analysis 
of Smith9 it was assumed that two dissociation chan
nels (2) and (3) compete during thermal decay of 
benzyl. The density range covered was 1.4·10-b to 
1.5,10-4 mol cm-3• The presented rate expression 
corresponds to the lowest density value. 

(e) Same as in comment (b). The rate expression corre
sponds to a density of 1.5,10-4 mol cm-3

• 

(d) Investigation of high temperature pyrolysis of ethyl
benzene in shock waves with the laser schlieren tech
nique. Benzyl and methyl radicals are found as the 
dominant products of the dissociation process. For 
modelling the schlieren profiles it is assumed that 
benzyl dissociation ultimately generates acetylene 
and the propargyl radical (1). High stability of the 
benzyl radical leads to a rate expression just slightly 
below that of Refs. 1 and 2. 

(e) High temperature UV absorption spectra of benzyl 
radicals were monitored over the wavelength range 
190-330 nm following shock wave induced thermal 

decomposition of different precursor molecules 
(benzyl iodide, benzyl chloride, and methyl benzyl 
ketene). It was found that benzyl radicals exhibit an 
unexpected low thermal stability. The marked .curva
ture of the Arrhenius plot, together with the lack of 
any systematic dependence of the rate coefficient on 
the concentration, is considered as indicating the 
contribution of two benzyl fragmentation pathways 
with very different activation energies. 

(f) The thermal decomposition of toluene has been in
vestigated by time-of-flight mass spectrometry and by 
laser schlieren densitometry behind shock waves at 
total pressures of 0.2-0.5 bar. It is found that the dis
sociation of toluene proceeds mainly by C-C scis
sion to phenyl and methyl. This result involves the 
assumption that benzyl radicals have a high stability 
which makes the concurrent reaction pathway lead
ing to benzyl and hydrogen atoms reversible. 

(g) Dilute mixtures of deuterated elhylben:ltme in argon 
were pyrolyzed behind incident shock waves at total 
pressures around 0.55 bar. Hand D atom concentra
tions were monitored by ARAS. A first order rate 
constant was found for the dissociation of benzyl into 
smaller fragments. 

(h) Benzyl radicals were generated by the thermal de
composition of benzyl iodide into benzyl and iodide 
a!oms. Benzyl concentration was monitored by UV 
absorption. From the results, which are in good 
agreement with previous findings (Ref. 4) it is con
cluded that the evaluated Arrhenius expressions can
not be definitely attributed to the product channels 
(2) and (3). 

J. Phys. Chem. Ref. Data, Vol. 21, No.3, 1992 
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(i) Investigation of benzyl decomposition behind re
flected shock waves in highly diluted mixtures of ben
zyliodide with argon. Hydrogen atoms were 
monitored by ARAS. The temperatures ranged be
tween 1300 and 1800 K at total pressured around 2 
bar. In each experiment the initial concentrations of 
benzyliodide were determined by monitoring the 
iodine atom concentration with ARAS during ben
zyliodide decay. This procedure of applying very low 
initial concentrations of the benzyl precursor ([Xl = 
0.5-5 ppm) allowed to evaluate a reaction scheme for 
the initiation reaction(s) and for some fast subse
quent reaction steps. Thermodynamic considerations 
favour a fast intramolecular rearrangement of the 
benzyl radical to structures like the bicycloheptadi
enyl radical, the tropylium radical or an open chain 
structure, from which fast hydrogen abstraction oc
curs. Therefore the deduced Arrhenius expression is 
considered to describe the rate limiting isomerization 
reaction step. 

Preferred Values 

k =5.1.1013 exp( -36370/T) S-1 over range 1350-1900 K 

Reliability 
~log k = ± 0.3 at 1350 K increasing to ± 0.5 at 1900 K 

Comments on Pre/erred Values 
The recommended rate coefficient has been evaluated 

from the only direct measurements of benzyl radical ab
sorption4•7 and of H-atom production during benzyl de
cat at elevated temperatures. The product distribution 
measurements of Smith9 give evidence for benzyl decom-

J. Phya. Cham. Raf. Data, Yol. 21, No.3, 1992 

posing predominantly via reaction pathways (2) and (3), 
but no direct specific measurements of intermediates 
other than H atoms during the decomposition process are 
available. The ARAS measurements of Braun-Unkhoff 
et al.s indicate that the decay of benzylleads to the for
mation of H atoms in considerable amounts. Therefore it 
was necessary to reinterprete the benzyl decay rates re
ported by Mueller-Markgraf and Troe4

•
7
• The reevalua

tion was done by Hippler et al. tO by taking the 
recombination reaction C7H7 + H .... C7Hs (kz = 2.1014 

cm3 mol-I S-I) into account. Their resulting Arrhenius 
plot for the thermal decay of benzyl is now in good accord 
with the one derived in Ref. 8 on the basis of the produc
tion of H atoms during the benzyl decomposition. There
fore the recommended rate expression is considered to 
apply to the overall dissociation process ot benzyl radi
cals. 
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C6H5CH3(+M) -+ H + C6H5CH2(+M) (1) 
-+ CH3 + C6H5( + M) (2) 

Thermodynamic Data 
MIi98 (1) = 367.9 kJ mol-1 

M~!I (1) - 110.9 J K-lmol-l 
Mrm (2) = 424.1 kJ mol- 1 

AS"llm (2) - 162.5 J K- 1mol- 1 

K;,(1) = 5.6'101 TI488 exp( -44030/T) atm ](,,(2) = 2.1'1010 T-O
.50 exp( -514S0/T) atm 

Rate Coefficient Data (k = k1 + kz) 

k[S-l] T[K] Reference Comments 

Rate Coefficient Measurements 
kl 2.G-l013 exp( - 38900/T) 1011-1138 Szwarc (1948)1 (a) 

(b) kl = 2.5,1012 exp( -37091/T) 1011-1122 Takahashi (1960)2 
kl = 1.3'1018 exp( -52340/T) 1185-1206 
kl 6.3-1014 cxp( -4277B/T) 913-1143 Price (1962)1 (c) 

(d) 
(e) 
(f) 
(g) 
(b) 
(b) 
0) 
(j) 
(m) 

k2 = 3.4'1014 exp( - 40262/T) 1073-1373 Errede and DeMaria (1964t 
kl = 9.2,1015 exp( -44737/T) 920-970 Brooks etal. (1971)5 
kl = 1.7,1014 exp( -41268/T) 1410-1730 Rao and Skinner (1984)6 
kl - 2.0-1015 cxp( -44393/T) 1500-1900 Mueller-Markgraf and Troe (1986)7 
kl = 8.1'1012 exp( -36534/T) 1300-1800 Mizerka and Kiefer (1986)8 
k2 = 4.00I011exp( - 45291/T) 1300-1800 
k2 = 8.9-1012 exp( -36534/T) 1600-2100 Pamidimukkala et al. (1987)9 
kl = 2.8·101S exp( -44730/T) 1450-1900 Brouwer et al. (1988)10 
kl = 3.6-1015 exp( -45000/T) 1380-1700 Braun-Unkhoff et al. (1989)13 

Reviews and Evaluations 
kl 3.2.1015 exp( -44439fT) 920-1140 Benson and O'Neal (1970)11 (k) 

(I) kl 2.7·1014exp( -41722/T) 1050-1600 Rao and Skinner (1984)6 

Comments 

(a) Pyrolysis of toluene and xylene in a flow system at 
pressure between 3 and 20 mbar. 

(b) Flow system with mass spectrometric analysis. It was 
concluded that the curvature of the Arrhenius plot 
for channel (1) was caused mainly by competitive re
actions. 

(c) The flow system study (pressure 8-28 mbar) revealed 
that the toluene decay was strongly surface con
tro11ed at temperatures helow 1000 K. The reported 
Arrhenius parameters for reaction (1) were derived 
from the isolated homogeneous reaction. 

(d) Flow system study. Rate coefficient parameters for 
reaction pathway (2) were deduced from the rate of 
benzene formation during the decompostion of 
xylene between 1070 and 1370 K. Due to the indirect 
method which was used in this study, the results were 
criticized by Benson and O'Neal (Ref. 11): the ob
tained preexponential factor and the activation en
ergy seem unlikely for this reaction. 

( e) Pyrolysis of toluene/nitrogen mixtures in a static sys
tem at total pressures below 300 mbar (ptolueoe ~ 30 
mbar). Stable compounds analysis by gas chromato
graphy. 

(f) Shock tube study with initial mixtures of toluene-dsl 
Ar and neopentane/toluene-dsl Ar mixtures. D and H 
atoms are monitored as function of time by ARAS. 
Investigation covered a temperature range from 
12~1460 K for neopentane/toluene, and from 
1410-1730 K for toluene experiments at total pres-

J. Phys. Chem. Ref. Dat2 Vol. 21, No.3, 1992 

s:ures: of about 3 bar. The authors recommend an iso
tope correction factor of 1.5 for the evaluation of kH 
of channel (1). The estimated uncertainty for kH, kD 
is about log k = ± 0.2. 

(g) In an earlier shock tube study on toluene decompos
tion using light absorption of toluene and benzyl in 
the 200-350 nm range (Ref. 12) rate constants were 
ut:Iived 011 the asswuptioll that the benzyl radical ex
hibits sufficient thermal stability. The measurements 
were reinterpreted and superseded by experimental 
rel':ults on henzyl decomposition (Ref 7). These ex
periments indicate an unexpectedly low thermal sta
bility of the benzyl radical. With these results, from a 
reinterpretation of the experiments of Ref. 12 rate 
coefficients for channel (1) were derived for the den
sity range (1-3)·10-smol cm-3• The given Arrhenius 
expression in the present table corresponds to 
1.0S-10-Smo) cm-3• 

(h) Shock tube study on high temperature pyrolysis of 
ethylbenzene with the laser schlieren technique. 
Rate expressions for channels (1) and (2) have been 
included into the reaction system by the authors and 
originate from their unpublished LS measurements 
of toluene pyrolysis. 

(i) Two independent shock tube techniques (time-of
flight mass spectrometry and laser schlieren densito
metry) were used to investigate the high temperature 
pyrolysis of toluene in mixtures with Kr and Ne, re
spectively. A rate coefficient for the formation of 
methyl and phenyl (channel (2) was deduced at total 
pressures around 0.5 bar. A hi2h pressure limiting 
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rate coefficient of 1.2·1016exp( - 47505/T) S-1 has also 
been calculated for reaction pathway (2). 

G) The thermal decomposition of toluene has been rein
vestigated in shock waves detecting toluene, benzyl, 
and benzyl fragment concentrations by UV absorp
tion spectrometry. The results give evidence for dom
inant toluene dissociation to benzyl radicals and H 
atoms (channel (1». The derived thermally averaged 
rate coefficient for channel (1) is consistent with 
specific rate constants k (E,1) from laser excitation 
experiments. 

(k) Reevaluation of earlier flow system results in the 
pressure range 2-22 Torr. The preferred parameters 
for reaction pathway (1) are obtained by accepting 
the rate constant of Ref. 6 and scaling the parameters 
to fit the thermodynamic enthalpy. 

(I) See comment (t). The limiting high pressure rate 
constant for toluene decomposition (channel (1» is 
derived from RRKM calculations and kH -"- 1.5·kD. 

(m) Decomposition of toluene and nitrosobenzene highly 
diluted in argon behind reflected shock waves. The 
hydrogen atom formation was followed by ARAS. 
Nitrosobenzene served as thermal source of phenyl 
radicals in the seperate study of the phenyl decompo
sition mechanism. The results for phenyl dissociation 
indicated that the main product channel is the H 
atom'abstraction channel (1) and that the rate coeffi
cient for channel (2) should not exceed 0.2·k l • The 
rate expression for channel (1) is in excellent agree
ment with the results of Brouwer et al. lO

• 

Preferred Values 

kl = 3.1·101sexp( -44890/T) S-1 over range 920-2200 K 

Reliability 
~log kl = ± 0.5 at 2200 K reducing to ± 0.3 at 900 K 

Comments on Preferred Values 
There exists a large variety of studies on toluene pyrol

ysis in the lower temperature range up to approximately 

1000 K. But most of these studies were conducted under 
experimental conditions under which bimolecular reac
tions of toluene leading to bibenzyl and other compounds 
dominate. The investigation of unimolcular decomposi
tion of toluene becomes less difficult at temperatures 
above 900 K. Most of the available data give evidence for 
the product channel (1) leading to benzyl radicals and hy
drogen atoms. From some of the experiments in conjunc
tion with the calculated limiting high pressure rate 
coefficient it can be deduced that the recommended 
Arrhenius expression covers a density range of about 
(1-3)·10- s mol cm-3, very close to the high pressure limit. 
The experimental data for the second decomposition 
channel leading to phenyl and methyl radicals (channel 
(2» are insufficient to permit a recommendation of a rate 
expression. Thermochemical arguments together with the 
findings of some of the authors give evidence that the rate 
for this channel should not exceed 10 to 20% of the rate 
for channel (1) for T ~ 2000 K. 
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C6HsCH3 + M ~ H + C6HsCH2 4- M 
~ CH3 + CeHs + M 

T/K 
2000 

E'XPERIMENTAL DATA 

Szworc (k1) 1948 
Takahashi (k1) 1960 
Takahashi (k1) 1960 \ 
Price (kl) 1962 
Brooks et 01 (k 1 ) 1971 
Roo and Skinner (k 1 ) 1984 
Mueller-Mork9rof ond Tree (k1) 1986 
Ulzerka and Kiefer (k1) 1986 
Brouwer et 01 (k1) 1988 
Uizerka and Kiefer (k2) 1986 
Errede and OeUoria (k2) 1964 
Braun-Unkhoff et 01 (kl) 1989 
Pomidimukkolo et 01 (k2) 1987 
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Rate Coefficient Data 

T[K] Reference Comments 

RIlle Coefficient Measurements 
5.(}01013exp( -38300/T) 
9.3·1013exp( - 38200IT) 
4.(}01014exp( -40100/T) 
3.2·101Sexp( - 42600IT) 
4.(}Ol0t5exp( -42600IT) 

1018-1133 
1213-1383 
1400-1800 
1400-1800 
1400-1800 

Szware (1948)1 (a) 
(b) 
(e) 
(d) 
(e) 

Errede and DeMaria (1962)2 
Brouwer et al. (1984)3 

Comments 

(a) Flow reactor at pressure of 2.7-20 mbar. 
(b) Fast flow pyrolysis. 
(c) Shock tube study. Reactants highly diluted in Ar. UV 

absorption at 266.5 nm of paramethyl~benzyl. [Ar] 
= 1.3,1018 cm-3• 

(d) Same method as in (c). [Ar] =::: 3.7'1019 cm-3
• 

(e) Same method as in (c). [Ar] = 1.1-1020 cm-3
• 

Preferred Values 

koo = 4.0·101Sexp( -42600/T) S-1 over range 1400-1800 K 

Reliability 
Alog k = ± 0.5 

Comments on Pre/erred Values 
It has been assumed that in the temperature range 

1400-1800 K the rate coefficient given by Brouwer et al.3 

for the highest pressure is close to the high pressure limit 
koo. The data given for the lower densities are in the fall
off region. 
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C6HsC2Hs( + M) ~ C6HsCH2 + CH3( + M) (1) 

Thennodynamic Data 
All298 (1) = 315.9 kJ mol- l 

as'298 (1) = 149.9 J K-lmol- l 

~(1) = 4.0'10" T-O l34 exp( -38330/T) atm 

AH5.9K (3) = 117.6 kJ mol- l 

as'298 (3) = 115.3 J K-lmol- l 

~(3) = 5.7·1()4 TOS78 exp( -14280/T) atm 

M-rl'JM (5) - 341.4 kJ mol- l 

as~8 (5) = 110.3' J K-lmol- l 

~(5) = 5.2·lOZ Tll25 exp( -40900/T) atm 

~ C6H6 + C2H4 ( + M) (2) 
~ C6HsC2H3 + H2 (+ M) (3) 
~ C6Hs + C2Hs (+ M) (4) 
~ C6HsC2 H4 + H (+ M) (5) 

AH5.98 (2) = 105.6 kJ mol- l 

A.S198 (2) = 128.1 J K-lmol- l 

Kp(2) = 4.0'108 T-0 642 exp( -12930/T) atm 

AH5.98 (4) = 415.9 kJ mol- l 

~98 (4) = 179.7 J K-lmol- l 

Kp(4) = 4.8,1013 T-l427 exp( -50560/T) atm 

Rate Coefficient Data (k == k1 + k2 + k3 + k .. + ks) 

k[S-l] T[K] Reference 

Rule CueJJi.cicnt !rleu.JUlemen~ 

kl = l.D-1013exp( -31800/T) 888-1018 Szwarc (1949)1 
kl = 4.0-1014 exp( -35300/T) 876-1000 Esteban et al. (1963)2 
kl = 5.0-1014exp( -34SOO/T) 906-1010 Crowne et al. (1969)3 
kl = 5.0-1014 exp( -35300/T) 910-1089 Clark and Price (1970)4 
k2 = 1.1'109 exp( -26000/T) 910-1089 
k3 = 5.0-1012 exp( -32200/T) 910-1089 
kl = 2.0-1015exp( -36700/T) 800-1100 Ebert et al. (1978)6 
k4 = 1.0-lOl6exp( -41800/T) 800-1100 
kl = 7.1·1015exp( -37400/T) 990-1190 McMillen et al. (1980f 
kl = 2.0-1015 exp( -36600/T) 1053-1234 Robaugh and Stein (1981)8 
kl = 2.5,1014 exp( -35200/T) 770-820 Brooks et al. (1982)'J 
kl = 5.D-1015 exp( -37500/T) 873-998 Davis (1983)10 
kl = 1.3·I017exp( -40900/T) 1250-1600 Brouwer et al. (1983)11 
k5 = 2.5·1012exp( -30100/T) 1250-1600 
kl = 2.0-1015 exp( -366OO/T) 1000-1110 Grela and Colussi (1985)12 
kl = 3.1·1013exp( -30200/T) 1300-1800 Mizerka and Kiefer (1986)13 
kl = 3.5·1015exp( -36900/T) 1200-1650 Mueller-Markgraf and Troe (1988)14 

Reviews and Evaluations 
kl = 2.Q.1015exp( -36700IT) 876-1018 Benson and O'Neal (1970)5 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 

(1) 
(g) 
(h) 
(i) 
G) 
(k) 
(1) 
(m) 
(n) 

(0) 

733 

Comments 

(a) Pyrolysis of ethylbenzene in the presence of excess of 
toluene in a flow reactor at pressure between 10 and 
22 mbar. 

(g) Very low pressure pyrolysis at pressure lower than 
1.3.10-3 mbar in a stirred flow reactor. Rate expres
sion for high pressure limit. Gas analysis by mass 
spectrometry. 

(b) Pyrolysis of ethylbenzene in the presence of excess of 
aniline in a flow reactor at pressure between 12.5 and 
17.9 mbar. 

(c) Stirred flow reactor at pressure between 8 and 18 
mbar. Gas analysis by GC. 

(d) Toluene carrier flow system at pressure between 26 
and 48 mbar. Gas analysis by GC. 

(e) Flow reactor study at pressure between 0.13-1.3 
mbar and at normal pressure. GC- and TOF-analysis 
of the reaction products. 

(1) Very low pressure pyrolysis in a Knudsen cell reactor 
at pressure between 1.3.10-5-1.3.10-3 mbar. Mass 
spectrometric analysis of the reaction products. Rate 
expression for high pressure limit. 

(h) Static reactor at pressure between 10-65 mbar. GC 
analysis. 

(i) Conventional tlow equipment at atmospheric pJ('\ 

sure. Analysis by rate of formation of toluene. 
G) Shock tube. High dilution by argon. UV-absOl pllll1\ 

of ethylbenzene and reaction products. 2.4·1O IH
-. I "I 

::::; 1.4'1020 cm-3• Rate expression for 4.8·]()I'i.., I ,. ~ 
::::; 1.4.1020 cm-3• 

(k) Shock tube. High dilution by argon. uv. all';llq.tlic,*, 

of ethylbenzene and reaction products. I H·III' I .. l "'. ~ 
~ 1.5.1020 cm-3• Rate expression for .$ .' I t I I !IS ~l ,",It H 

::::; 1.5.1020 cm-3• 

(1) Very low pressure pyrolysis in a stirred II .Ii t .... "-
spectrometric analysis of the reactiol1 1" 1 ... 1. ..... -. 

expression for high pressure limit. 
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(m) Shock tube. Laser schlieren technique. Density range 
4.3,1017-4.2.1018 em-3• 

(n) Shock tube. High dilution ,by argon. UV-absorption 
between 190-330 nm. 1.2·1019E; [Arl E; 1.4'1020 cm-3

• 

(0) Critical evaluation of kinetic data on gas phase uni
molecular reactions. 

Preferred Values 

kl = 7.1·101'exp( -37800IT} S-1 over range 770-1800 K 

Reliability 
Alog kl = ± 0.4 at 1800 K reducing to ±0.1 at 770 K 

Comments on Pre/erred Values 
The preferred value is based on the data of. Szwarc1

, 

Esteban et al.2
, Crowne et al.3

, Clark and Price4, Ebert 
et al.6

, McMillen et al.7, Robaugh and SteinS, Brooks 
et al.o, Davis10

, Brouwer et al.11
, Grela and Colussj12, Miz

erka and Kiefer13
, Mueller-Markgraf and Troe14

, and 
Benson and O'Neals. It is assumed that the given expres
sion for kl represents values close to the high pressure 
limit. 
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Insufficient experimental data are available for the 
other channels (2)-(5) to allow recommended rate ex-
pressions. 
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